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ABSTRACT
A l i t e r a t u r e  s u r v e y  r e v e a le d  that num erous a r t ic le s  and papers have  
b een  published on d i f f e r e n t  a s p e c t s  o f  o p e n c a s t  m in in g  e q u i p m e n t  
s e l e c t i o n  but n o n e  o f  t h e s e  considered  the w h o le  range o f  m ach ines  
required for any particular mining op eration .
T h is  p r o j e c t  r e p o r t  a im s  t o  p r o v id e  a foundation  on w hich  to base  
d ec is io n s  con cern in g  the se le c t io n  o f  m in in g  e q u i p m e n t  f o r  o p e n c a s t  
c o a l  m in e s  in t h e  W itbank  Area o f  South A fr ic a  with the  o b je ct  to 
o p t im iz e  in itial ca p ita l  ou tlay  and to m in im ize  op eratin g  c o s t s .
For th e  purpose of  this study a typica l g e o lo g ic a l  sec t ion  o f  the  area,  
c o n s is t in g  o f  so f t  overburden or topsoil ,  u n d er la id  b y  hard s a n d s t o n e  
and s i i t s to n e  overburden and the f iv e  main coa l se a m s ,  invariably  split  
by s a n d s t o n e  p a r t in g s  w a s  s e l e c t e d .  F or  e a c h  in d iv id u a l  m in in g  
a c t i v i t y  a l l  the fa c to r s  in fluencing the  se le c t io n  o f  mining equ ipm ent  
are  tab u la ted ,  fo llow ed  by a rev iew  o f  p ossib le  m ining m ethod s and an 
ec o n o m ic a l  appraisal o f  the various m ethod s and eq uipm ent proposed.
R e s u l t s  i n d i c a t e  t h a t  w h e e l  t r a c t o r - s c r a p e r s ,  c o m m o n l y  u s e d  b y
o p e r a t i n g  m ines in the Witbank C o a lf ie ld ,  can be su c c e s fu l ly  replaced
by hydraulic  ex c a v a to r s  and rear dump trucks for th e  rem oval o f  so f t
o v e r b u r d e n .  Th is  m in in g  m e t h o d  c a n  a l s c  b e  e x t e n d e d  to  include
parting rem oval and c o a l  m ining, r e s u l t i n g  in t h e  e m p l o y m e n t  o f  a
sm aller  v a r ie ty  of  mining equ ipm ent and b e t te r  u t i l iza t ion  o f  ava ilab le  
eq u ipm en t.
The im p o r t a n c e  o f  d r i l l  e v a l u a t i o n  is  h i g h l i g h t e d  since inadequ ate  
f r a g m e n t a t i o n ,  t h e  d i r e c t  r e s u l t  o f  p o o r  d r i l l i n g  a n d  b l a s t i n g
tech n iq u es ,  ex ten d s to other f a c e t s  o f  o p e n c a s t  m ining.
D r a g l i n e s ,  g e n e r a l l y  u sed  in s u r f a c e  c o a l  m i n e s ,  p r o v e  t o  b e  a
s u c c e s s f u l  m in in g  m e th o d  w ith  d i s t i n c t  c a p i t a l  and op era t in g  c o s t
b en ef its .
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CH A PTER  1
INTRODUCTION
C a p i t a l  i n v e s t m e n t  t o t a l l i n g  w e l l  o v e r  R i  5 0 0  m i l l i o n  h as  b e e n  
c o m m it te d  to expansion  of  the  South A f r i c a n  c o a l  m in in g  in d u s t r y ' s  
p r o d u c t io n  c a p a c i t y  in th e  p a s t  e i g h t  y e a r s  (Cham ber o f  Mines of  
South A fr ic a ,  1981). This e x p a n s io n  h a s  in v o lv e d  g i a n t  n e w  m in e s ,  
som e o f  which h ave  se t  both South African  and world records for s iz e ,  
production or ad vanced  tech n o lo g y .
E x p o r t s  h a v e  p la y e d  t h e  k e y  r o le  in a rejuvenation  o f  the industry  
during th e  1970's a n d ,  in v i e w  o f  t h e  p r o m is in g  o u t l o o k  fo r  w o r ld  
m a r k e t s ,  w i l l  c o n t i n u e  to  k e e p  c o a l  p r o d u c e r s  c o m m it t e d  to huge 
e x p a n s io n  d u . l n g  t h e  c o m in g  d e c a d e  ( C h a m b e r  o f  M in e s  o f  S o u th  
A fr ica ,  1981).
The bulk o f  South Africa's co a l  both for the  inland m ark et  and for the ' 
various o v e r s e a s  u s e r s ,  is  p r o d u c e d  f r o m  th e  w e l l - k n o w n  W itb an k  
c o a l f ie ld .  Mining m ethods h ave ,  until the past d e c a d e ,  been  re str ic te d  
to underground m ining u s in g  c o n v e n t i o n a l  bord  an d  p i l la r  m e t h o d s .  
D u r i n g  r e c e n t  y e a r s  s o m e  v e r y  la r g e  o p e n c a s t  m in e s  h a v e  b e e n  
es tab lish ed  in t h e  W itban k  A r e a  and a n u m b e r  o f  p r o j e c t s  a r e  a t  
present being ev a lu a ted  and p lanned by various mining co m p a n ies .
In s e l e c t i n g  a p a r t i c u la r  o p e n c a s t  s t r ip p in g  m e t h o d ,  t h e  o v e r a l l  
o b j e c t i v e  i s  to  r e m o v e  t h e  m a t e r i a l  a t  ,n e  l e a s t  p o s s i b l e  c o s t .  
A ccom p lish m en t  o f  this  goal requ ires  c a r e f u l  c o n s i d e r a t i o n  o f  m a n y  
f a c t o r s ,  including geo lo g ica l  and topographic in form ation , prox im ity  of  
the stripping operation  to w a s te  disposal areas ,  possib le prob lem s with  
l a n d  r e c l a m a t i o n ,  th e  t y p e s  o f  s u i t a b l e  e q u ip m e n t  a v a i l a b l e  and  
auxiliary eq u ipm en t requ irem en ts .
A litera tu re  survey by the author revea led  that num erous a r t ic le s  and
p a p e r s  h a v e  b e e n  p u b l ish e d  on d i f f e r e n t  a s p e c t s  o f  o p e n c a s t  mining  
eq u ip m en t  s e le c t io n  but none con s id ered  the w h o le  range o f  m a c h in e s  
required  for any particular mining op erat ion .
For the purpose o f  this study a typ ica l g e o lo g ic a l  se c t io n  o f  the area  
w as s e le c te d ,  con sis t in g  o f  a reddish brown, sandy c la y  top so i i ,  which  
to s a t i s f y  mining regulations,  m ust be rem oved  as a se p a r a te  operation  
t o  a m in im u m  dep th  of  one m e tr e  and used as  re p la ce m e n t  m ater ia l  
during rehab ilita tion  of the  disturbed  su rface .  This topsoii  is underlaid  
by hard  s a n d s to n e  and s i l t s to n c  layers ,  and th e  f ive  main coa l  seam s  
ty p ic a l  o f  the Witbank C o a lf ie ld .
F o r  e a c h  in d iv id u a l  m in in g  a c t i v i t y  a l l  t h e  fa c to r s  in fluencing  the  
s e le c t io n  of  m ining eq u ipm en t are  tabu lated ,  fo l lo w ed  by a r e v i e w  o f  
p o s s i b l e  m in in g  m e t h o d s  and an e c o n o m i c  a p p r a isa l  o f  the various  
m e th o d s  and equipm ent proposed.
S e v e r a l  c r i t e r i a  are  u se d  to d e t e r m i n e  t h e  e x c a v a t a b i l i t y  of  so f t  
overburden (K orhonen  e t  a l ,  1 9 7 1 ;  B i e n i a w s k i ,  1976;  B a r t o n ,  1 9 7 4 ;  
Jen n ings ,  1973; Weaver 1973). The use o f  the  re fract ion  seism ograph  
as an aid for the  d eterm in at ion  o f  the  c la s s  o f  e x c a v a t io n  in term s o f  ' 
t h e  r i p p a b i l i t y  o f  m ater ia ls  was d eve lop ed  by the  C aterp il lar  Tractor  
C om p any  during 1958. This m ethod  was further d eveloped  by W eaver  
( 1 9 7 5 )  to  in c o r p o r a t e  o ther  g e o lo g ic a l  fa c to r s  lik e ly  to  in f lu en ce  the
a sse s sm e n t  of rippability . A lthough both m eth od s  g ive  an indication  o f
the  rippability  they  do not provide, h ow ever ,  s u f f ic ie n t  in form ation  on  
the  e x c a v a ta b i l i ty  o f  the m a te r ia l  and very  o f t e n  a c o n c lu s iv e  answer  
w i t h o u t  t e s t  tria ls  can not be ob ta in ed .  K irsten  (1982) developed  an
e x c a v a ta b i l i ty  index based on g e o lo g ic a l  c h a r a c t e r i s t i c s  t h a t  c a n  b e
d eter m in ed  by standard en g in eer in g  t e s t s  or in sp ect ion s  and re la tes  this  
to  an ex c a v a ta b i l i ty  c la s s i f ic a t io n  s y s t e m  t h a t  is  a p p l i c a b l e  fo r  t h e  
en t ir e  range o f  natural m ater ia ls  from  the  w e a k e s t  soil to the hardest  
rock . By applying the e x c a v a ta b i l i ty  c la s s i f ic a t io n  s y s t e m  o f  K ir s t e n  
(1982) to the topsoii o f  the  Witbank A rea , it can  be proved that this  




To e v a lu a te  d if fer en t  topsoil mining m ethods,  a ty p ic a l  haulroad prof ile
and pit tay-out w ere used as the basic inputs to a co m p u ter  s im u lation
p r o g r a m m e  d e v e l o p e d  by Barlow 's Tractor D iv is ion . (Blenkinsop end 
Tredrea, 1982). Production ra te s ,  cap ita l  c o s t s  and operat in g  c o s t s  for 
the fo llow in g  m ach ines  w ere ca lcu la ted :
scrap ers  and d ozers  
hydraulic  sh ove ls  and trucks
front end loaders and trucks
Res' 'ts ob ta ined  in d ica te  that,  ir re sp e c t iv e  of production  requ irem en ts ,  
the  hydraulic  ex c a v a to r  and h a u l  tr u c k  f l e e t  h a s  d e f i n i t e  f i n a n c i a l  
a d v a n ta g e s .  This mining m ethod can also  be e x te n d ed  to include coal  
m ining a n d  t h e  r e m o v a l  o f  t h e  th in  p a r t in g  b e t w e e n  c o a l  s e a m s ,  
r e s u l t i n g  in a s m a l l e r  v a r i e t y  oc eq u ipm ent on th e  mine w hich  will  
c o n t r i b u t e  t o  b e t t e r  u t i l i z a t i o n  o f  a v a i l a b l e  m a c h i n e s  a n d  
s tand ard ization  of  operatin g  and m ain ten an ce  procedu res .
A s m ost  o f  the  overburden underlying the topsoil  c o n s is t s  o f  sandstone,  
s i l t s to n e  and shale, w ith  uniaxial co m p re ss iv e  s tre n g th s  up to 165 MPa 
(S t e f f e n ,  R o b e r t s o n  an d  K ir s t e n ,  1 9 8 2 ) ,  b r e a k a g e  by e x p l o s i v e s  is  
e s s e n t ia l .  To accom plish  this, it  will be n ece ssa r y  to  drill a h o le  into  
the  rock for p la ce m e n t  o f  the  e x p l o s i v e s .  I n v e s t i g a t i o n s  by B au er
(1967) and Pvaillet  (1983) indicate  that drill p en etra t ion  rate , w hich  is 
d ep en d en t  on rock p rop ert ies ,  b it  ro tation  sp eed  and b it  p r e s s u r e  and  
b it  d i a m e t e r ,  h as  a s t r o n g  in f lu e n c e  on drill p rod uctiv it ies  and unit  
c o s t s .  O f th e se  fa c to r s ,  the rock p roperties  to be e n c o u n t e r e d  a t  a 
g iv e n  m in e  a r e  u ncontrollable  w hereas the rotary sp eed  and pulldown  
c a n  b e  v a r i e d  by t h e  d r i l l  o p e r a t o r  w i t h in  d e s i g n  l i m i t s  o f  t h e  
m a c h i n e .  The f i r s t  s t e p  in s e l e c t i n g  a su ita b le  production drill is 
t h e r e fo r e  to  d e ter m in e  the uniaxial co m p re ss iv e  s t r e n g t h  o f  t h e  r o c k  
s tra ta  to be en cou n tered  during mining op eration s .
Three drill s iz e s  (152m m , 250m m  and 311m m  d ia m e te r )  were analysed  
to  d e t e r m i n e  and c o m p a r e  c a p i t a l  and o p e r a t i n g  c o s t s  for various  
annual production ra te s .  From the  resu lts  ob ta ined  it  is ev id en t  that  
the  sm all drilling unit has l im ited  application  in the Witbank A rea , and
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c a n  o n ly  be u se d  s u c c e s s f u l l y  in v er y  small s tr ip  mining op era t ion s .  
The m edium  s iz e  ro ta r y  d r i l l  ( 2 5 0 m m  d i a m e t e r ) ,  w ith  a p u ll  d o w n  
cap ab il i ty  of  65 000 kg provides the m ine op erator  with f le x ib i l i ty  and 
r e l iab i l i ty  in the  drilling o f  hard overburden. In addition , the  c a p ita l  
and o p e r a t i n g  c o s t s  o f  t h i s  u n it  com p are  favourably  with the  o ther  
drills ,  even  for very large annual production  ra tes .
A number of  a l te r n a t iv e s  are a va i lab le  to strip broken overburden and 
to  e x p o se  the underlying coa l  s e a m s .  T h e s e l e c t i o n  c r i t e r i a  t o  be  
c o n s i d e r e d  a r e  d e s c r i b e d  w h e n  s e l e c t i n g  t h e  f o l l o w i n g  m in in g  
equipm ent:
draglines
e l e c t r i c  rope sh ovels
f 'o n t  end loaders
haul trucks
To i l l u s t r a t e  the im p ortan ce  of  eva lu a t in g  a l te r n a t iv e  mining m ethod s  
and eq u ipm en t for o v e r b u r d e n  s t r i p p i n g ,  a t y p i c a l  o p e n c a s t  m in in g  
op eration  is analysed  for three  d i f f e r e n t  types o f  eq u ipm en t.  A lthough  
the in it ia l cap ita l  c o s t  o f  a dragline op eration  is higher than the  o th er  , 
t w o  m e t h o d s  ( h y d r a u l ic  e x c a v a t o r s  and e l e c t r i c  ro p e  s h o v e l s )  i t  
p resen ts  a lo w e r  o v e r a l l  u n i t  c o s t  p er  c u b i c  m e t r e  o f  o v e r b u r d e n  
s t r ip p e d  o v e r  t h e  p roject  l i f e .  This saving b e c o m e s  m ore s ig n if ica n t  
w ith  increasing  production r a te s .  D r a g l i n e s ,  c o m m o n l y  u s e d  in th e  
W i t b a n k  A r e a  for o v e r b u r d e n  s t r i p p i n g ,  h a v e  p r o v e d  to  b e  v e r y  
su c c e s s fu l ,  and should be c o n s i d e r e d  a s  t h e  b a s i s  o f  d e s ig n  fo r  a l l  
o p e n c a s t  operations in this area.
The f ive  main coal seam s o f  the Witbank C o a lf ie ld  are in co n s is ten t  in 
th ickn ess  and the in d iv id u a l  s e a m s  a r e  o f t e n  s p l i t  by a s a n d s t o n e ,  
s i l t s to n e  or shale parting. As resu lt  o f  this in ter -re la t ionsh ip  b e tw e e n  
th e  c o a l  seam s and the interbedded  p arting , it  is im portant to  s e l e c t  
mining equ ipm ent that will e x c a v a t e  both  the coa l  and parting horizons  
s u c c e s s f u l l y  a t  an e c o n o m i c  c o s t .  D u e  to  t h e  c o a l  an d  p a r t i n g  
h a r d n e s s ,  d r i l l in g  and b last ing  is required . To m in im ize  the cr ea t io n  
of f ine  coa l ,  which is not a c c e p ta b le  in the final product, the optim um
d r i l l  h o l e  d i a m e t e r  v a r i e s  b e t w e e n  7 5 m m  and 1 2 5 m m .  A la r g e  
s e le c t io n  o f  mining m ethod s is ava ilab le  for lo a d in g  an d  h a u l in g  th e  
c o i l  and the parting. A com parison  b e tw e e n  the e l e c t r i c  rope shovel  
and the hydraulic  e x c a v a to r  in d ica te  that a substantia l  c o s t  s a v i n g  is  
possib le w hen using hydraulic ex c a v a to r s  as primary load ers .  The main  
ad van tage  o f  the hydraulic ex c a v a to r  is its  ab i l i ty  to break out  poorly  
f r a g m e n t e d  c o a l  or p a r t in g .  Tb» l i g h t e r  w e ig h t  o f  t h e  hydraulic  
e x c a v a to r ,  when com pared  to a s im ilar  s i z e  ro p e  s h o v e l ,  is  a n o t h e r  
im portant fa c to r .
B o t t o m  d u m p  c o a l  h a u le r s  provide su ff ic ien t  - a p a c i ty  to  con ta in  the  
r e la t iv e ly  low  d en sity  c o a l  which en a b les  the  rated  truck  c a p a c i t y  to  
b e  f u l ly  u t i l i z e d .  They also provide a low d ischarge height which is 
a d v a n t a g e o u s  i..  p r e v e n t i n g  t h e  c r e a t i o n  o f  e x c e s s i v e  f i n e  c o a i  
m ater ia l .
U n d e r  c e r t a i n  c o n d i t i o n s ,  e . g .  t i e d  c o l l ie r ie s ,  mining eq u ipm en t can  
acc o u n t  for up to 70 p ercen t  of  the in it ia l  c a p i t a l  c o s t  r e q u ir e d  to  
e s t a b l i s h  a n e w  o p e n c a s t  m in e ,  w h i l e  t h e  o p e r a t i n g  c o s t  o f  such  
eq u ipm en t ca n  represent as much as 80 p erc en t  o i  th e  t o t a l  o n - m i n e  
production c o s t s .  These fa c to rs  will m ake a large contribution  to  the  
overa ll  v i a b i l i t y  and p r o f i t a b i l i t y  o f  a n e w  m in in g  p r o j e c t .  Th is  
p r o j e c t  r e p o r t  a im s ,  t h e r e f o i e ,  to provide a foundation on w hich  to 
b ase  d ec is io n s  con cern ing  the se le c t io n  o f  m ining m eth od s  and m in in g  
e q u i p m e n t  fo r  p o te n t ia l  o p en cast  co a l  m ines  in the Witbank A rea ,  in 
order to o p t im iz e  in it ia l cap ita l  exp en d itu re  and to m in im iz e  operatin g  




R e c o r d s  i n d i c a t e  that in about the year 1868 co a l  was mined in the  
Witbank area  by D utch  s e t t l e r s  and loca l  Black t r i b e s  fo r  t h e i r  ow n  
d o m e st ic  use (Graham, 1931).
In 1879, G.W. S tow e  d iscovered  coa l in the V ereenig ing  d is tr ic t  o f  the  
Transvaal, but it  was r o t  m ined sy s te m a t ic a l ly  until 1 8 8 9 .  T h e c o a l  
w a s t r a n s p o r t e d  by m e a n s  o f  o x - w a g o n  to  t h e  K im b er ley  diamond  
m ines -  a d is ta n c e  o f  ap p rox im ate ly  500  k i lo m etre s .  This m e t h o d  o f  
transportat ion  e f f e c t i v e l y  p revented  any a t te m p t  to produce c o a l  on a 
^*"8® s c a le ,  and con seq u en tly  the to ta l  m onthly  output w as r e s t r i c t e d  
to  about 1 000 tons per m onth.
G o ld  w a s  d i s c o v e r e d  on t h e  W itw atersrand  in 1385 and w e o w e  the  
c o m m e n c e m e n t  o f  coa l  m ining in the Witbank d is tr ic t  on a co m m er c ia l  
sc a le ,  to this d iscovery .
In 1899  t h e  ra i lw a y  line from  Pretor ia  was ex te n d ed  to D e lagoa  Bay 
(Maputo). This ex te n s io n ,  to g e th e r  w it h  th e  rap id  e x p a n s io n  o f  t h e  
g o id  m in e s ,  crec* .-d  a dem and for large  tonnages o f  high grad e coa l .  
This dem and m ight well be term ed  the  main c a u se  o f  the d ev e lo p m en t  
of the g rea t  Witbank C oa lf ie ld .
By 19C7 th e  S o u th  African co a l  mining industry was well es tab lished  
and sa le s  reached  ap prox im ate ly  4,8 m illion  m etr ic  tons  to  t h e  v a lu e  
o f  a b o u t  R 3,^  m il l io n .  Most o f  the co l l ie r ie s  in the Transvaal were  
operating w ithout profit  and many a c tu a l ly  incurred lo sses  as result o f  
the s e v e r e  co m p et it io n  in the industry.
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T h e  e f f e c t s  o f  th is  c h a o t i c  s i t u a t i o n  w e r e  d e s c r i b e d  by B ru n ette
(1968),  as fo llows: "One or tw o  'popular' c o l l i e r i e s  had  m o r e  o r d e r s
th a n  t h e y  c o u ld  fulfill  w hile  neighbouring c o l l ie r ie s  producing e x a c t ly  
the  sa m e  quality  and c la s s  o f  co a l  but h a v in g  a s l i g h t  g e o g r a p h i c a l  
d isad van tage  could not find su f f ic ie n t  orders to  keep going."
It b e c a m e  obvious that if the  c o a l  producers cou ld  not g e t  to g eth e r  to  
p u t  a s t o p  to  c u t - t h r o a t  c o m p e t i t i o n  and stab i l ise  se l l in g  prices  in 
order to  cover  the c o s ts  o f  p r o d u c t io n  and t o  e n s u r e  a r e a s o n a b l e  
r e t u r n  on th e  substantia l c a p ita l  in v e s tm e n t ,  f inancial d isas ter  of  the  
c o l l ie r ie s  was in ev itab le .
T h e d e s p e r a t e  s ituation  in which the  coal producers found th e m se lv e s  
brought them  to g e th e r ,  and in 1907 they  n e g o t ia te d  an a g r e e m e n t  to  
c o - o p e r a t e  in m a r k e t in g  t h e ir  p r o d u c t s ,  on  a profitab le  basis, that  
g iv e  them  a fair return on their in v e s t m e n t  and w o u ld  e n s u r e  
t h e  c o n s u m e r  a s u i t a b l e  p r o d u c t  a t  a r e a s o n a b l e  p r i c e .  T h is  
a g r e e m e n t  la ter  b eca m e  known as THE S T A N D A R D  AGREEMENT.
T h e T r a n s v a a l  C o a l  O w n e r s  A s s o c ia t i o n  (TCOA) c a m e  into  being in 
1907 as  a co -o p e r a t iv e  non-profit  m arketing  o r g a n i z a t i o n ,  b u t  h a v in g  
no a c tu a l  con tro l over the mining o f  coa l  by i t s  m em ber co l l ie r ie s .
C oa l sa le s  in South A fr ica  in 1966 am ounted  to  just in e x c e s s  o f  46  
m illion  tons with  a rate of  in crease  in the order o f  4,5% per annum.
The rapid in crease  in the oil price  s in c e  1973 has increased  the price  
of  en er g y  to such an e x t e n t  that dem and for c o a l  has again  d eveloped .
S ince  1970, the  TCOA has taken  a leading ro le  in the ex p o rt  m arket ,  
t o g e t h e r  w ith  th e  re la ted  N ata l A sso c ia te d  C o ll ie r ie s  and A nthracite  
Producers A ssoc ia t ion ,  s t a r t in g  w it h  th e  s u c c e s s f u l  n e g o t i a t i o n  and  
i m p l e m e n t a t i o n  o f  th e  J a p a n e se  low ash blend coking co a l  co n tra c t .  
This provided the base load which mad/; the d e v e lo p m e n t  o f  R ic h a r d s  
Bay C oal Terminal and its  a sso c ia ted  rail links possib le .
S ince then, e x p o r t s  h a v e  d o m i n a t e d  th e  T C O A  t u r n o v e r  and m o r e
e s p e c i a l l y ,  its p ro f itab il i ty .  In 1981, ap p r o x im a te ly  R400 m ill ion ,  out  
o f  to ta l  c o a l  sa les  o f  R615 m illion , v-as der ived  from  exp orts .  S lightly  
l e s s  th a n  h a l f  o f  t h i s  e x p o r t  tu r n o v e r  w a s  d e r i v e d  from Jap anese  
c o n tr a c ts .
M in in g  m e t h o d s  in t h e  Witbank C oalf ie ld  have u ntil  the past d eca d e  
been  re s tr ic te d  to u n d ergrou nd  m in in g  u s in g  c o n v e n t i o n a l  b ord  and  
p i l la r  m e t h o d s .  D u r in g  t h e  l a s t  d e c a d e  s o m e  v e r y  large o p e n c a s t  
m ines h a v e  been es tab lish ed  in South A f r i c a  and s p e c i f i c a l l y  In th e  
W itb a n k  A r e a  p r o d u c in g  h igh  q u a l i ty  c o a l  for the  exp ort  m ark et  or 
large  ton n ages  for therm al power sta tions  in c l o s e  p r o x im i t y  t o  th e  
c o a l  f i e l d s .  E x a m p le s  o f  s u c h  m in e s  are  O ptim un. C o ll iery ,  Kriel,  
Duvha, R ietsp ru it ,  A rnot and Middelburg Mine. A number o f  p ro jec ts  
a r e  a t  p r e s e n t  b e i n g  e v a l u a t e d  and p la n n e d  b y  v a r io u s  m in in g  
co m p a n ie s  and the es tab lish m en t  o f  new o p e n c a s t  m in e s  is im m in en t .
2 .2  G eo logy
T h e  W itb a n k  C o a l f i e l d  is s i tu a te d  on the irregular ly  eroded northern  
m argin o f  the  Karoo Sequence (Figure 2.1).
F i v e  m a in  c o a l  s e a m s  are p resen t  within the  c o a l f i e ld  with q u a li t ie s  
ranging from  low grade bitum inous coal,  su itab le  for power gen er a t io n ,  
to  h igh-grad e,  steam  co a l  and cok in g  coa l .
The basin i t s e l f  has an uneven f loor ,  and is s u b d iv id e d  by p r e - K a r o o  
r i d g e s  i n t o  a s e r i e s  o f  s u b - b a s in s .  T h e s e  p r e - K a r o o  "h:ghs" have  
resu lted  in the non-deposition o f  the  lower se a m s  In p la c e s .  The to ta l  
th ickn ess  o f  the E cca  Group se d im en ts  in the  Witbank C oalf ie ld  rarely  
e x c e e d s  180 m etres.
T h e f i v e  m ain  s e a m s  o f  th is  co a l f ie ld  are  id e n ti f ie d ,  from the base  
upwards, a s  numbers 1 to 5. A g e n e r a l i s e d  s t r a t i g r a p h i c  c o l u m n  is  
shown in Figure 2.2
The number 1 coal se a m , also known as the  B ottom  S ea m , ranges from
1.2 m e t r e s  to  3 m e t r e s  in t h i c k n e s s  in th e  n o r t h e r n  p art  o f  th e
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FIGURE 2.1
DISTRIBUTION OF KAROO SEQUENCE AND  
LOCATION OF THE WITBANK COALFIELD
■ ■ ■ I
,10 .
D E P T H
r
s.:c « a c  f ' - D r O w "  , s o r d y  :  3y
6.00 Sandatort#, )r#y, framed
' 9 .50
ECCA -
4 2 . 5 0
32:8
I , S O  C O I L ,  N0 3  S e o m  
- H  S . 0 0  S t l t s f o n e ,  a i r .  g r . ,
S.CO Sandsiore, j'ty, n.diym grdined
3 . 0 0  S . i t i t o n # ,  s i d e . ,  c c r s o n a c e o u s
3 . 0 0 S a n d i i o n t , i g n .  j r e v  , m e d i u m  t r a i n e e ,giduco^ 't'd fe r^.js Ddl#
1 , 0 0  C 0 4 L ,  \ °  *1 S«on>
i.SC




5 j « d i > ? - «  ^ d i n t ; ,  5- My
» v A . . .  N e 4  u9C«r 2 S « ; mSonas»on|, # -• to t^drLm grained :CAL.n54 g..........-w.. .  coer i SeimS'ltvore. jar- y *  csraonoceoua 
COA l . Na  4  low er S eom
2 . 5 0
0 , 5 0
S a n a s ’o n e .  g - e y , : o a r s e  g . -omea 
C O A L , S °  3 S e o m
>4 ,0 0
» . S 0  S o n d s i o r e ,  ior% g rey,  f in# g r o m e d ,  
Diot  . r » Q f e  3
4 . 0 0  s.
7 8 . 6 0
12 .1 0
„
6 , 0 0  CO AL , N ° 2  S . d m
2 . 0 0  S a i d , l o n e ,  c oor iy  s o M t a . g n . t y
1 , 3 0  C O A L ,  M ° 2  a  S a a m
O W Y K A i 9 8 . 1 0
3 . 0 0  S e n d e f o n e  . oooM y i c r i e d  ,
3 . 0 0  C O A L .  ' S e a m






3 . 0 0  S a n d s t o n e  a n a  s u i s r o n e  / r e w o r x e d  Owy*a
4 . 0 0  OwyBO t l l l i t #




S c n d s t o n e  gn» g - e y ,  m e d iu m  *o ver y  c o a r s e  
g r a n t j  a n d  ; r»*»y,  f n , n g  j c w nw nrd v :sequence
c o a l f i e ld .  Further to the south  the seam  is m uch thinner. This seam  
is  s i t u a t e d  v e r y  c lo se  to the Dwyka t i l l i te ;  it l ies  e i th er  d ire c t ly  on 
t h i s  t i l l i t e  o r  i s  s e p a r a t e d  f r o m  i t  by up t o  .1,3 m e t r e s  o f  
c o n g lo m e r a te ,  shale  or san dston e .  In som e p laces  the parting b e tw e en  
seam s Num ber 1 and 2 is  v e r y  th in  and in r e s t r i c t e d  a r e a s  t h e s e  
scam s c o a le s c e ;  however e v e n  in this c a s e  the B ottom  Seam  reta ins its  
c h a r a c te r is t ic s .  The seam  m ay be ab sen t  at  som e p la c e s  b e c a u s e  o f  
the  u n e v e n  p r e - K a r o o  floor or pinching out ag a in st  B a sem en t  "highs"
and p oss ib le  erosion  prior to  the  d ep osit ion  of  the  Num ber 2 Seam .
C o a r s e  g r a in e d  g r i t s  fo r m  the intcrburden b e tw e en  Num ber 1 and 2 
se a m s ,  and partings within th e se  seam s o f te n  c o n s is t  o f  gr it .
The Num ber 2 seam  is the  main seam  o f  the Witb<ink C o a lf ie ld .  It is
a c o m p o s i t e  se a m , with p artings and in f e r i o r  q u a l i t y  c o a l  o c c u r r i n g
c f t e n  w i t h in  t h e  s e a m .  A t  th e  b a s e  it  com p rises  ap p rox im ate ly  1 
m etre  o f  bright c o a l ,  w h ic h  is  u s u a l ly  f o l l o w e d  by d u ll  c o a l  w i th  
a l t e r n a t i o n s  o f  br-'ght c o a l .  L ocally ,  w here a parting near the  base  
b e c o m e s  su f f ic ie n t ly  thick, th e  lower seam  is ter m e d  the  N u m b e r  2A  
se a m .
N u m b e r  3 s e a m  r a r e ly  e x c e e d s  1 m e t r e  in th ickn ess ,  and is of no 
e c o n o m ic  im portan ce  b ecau se  o f  its r e la t iv e  th inness and stra t igraph ic  
posit ion. It is separated  from  seam  Num ber 2 by 10 to 12 m etre s  o f  
shale and sandstone.
Seam Num ber 4 shows more variation  In th ickness  and qua lity  than any  
other seam  In the Witbank C o a lf ie ld ,  The seam  is usually d ivided  into  
two or three  parts ,  named from  top to b ottom  seam  Num ber 4 A, the  
Upper S eam  Num ber 4 and th e  Lower Seam  Num ber 4. Thickness  of  
the parting b e tw e en  seam s Num ber 3 and 4 is about 6 m e tr e s .
B ecause o f  its high s trat igraphic  p o s it io n ,  S e a m  N u m b e r  5 h a s  b e e n  
s u b j e c t e d  to  m o r e  d e n u d a t io n  than t h e  o t h e r  s e a m s  and occurs  in 
iso lated  areas o f  the c o a l f ie ld .  G e n e r a l l y  t h i s  s e a m  c o n t a i n s  m o re  
b r ig h t  c o a l  o v e r  i t s  e n t i r e  t h i c k n e s s  th a n  a n y  o t h e r  s e a m  in the  
co a l f ie ld .  The average  th ick n ess  of  Num ber 5 seam  is 1,8 m etre s  and 
it c o n s is ts  mainly of  very bright coa l  a t  the base and o f  a dull upper
portion w i.h  very  bright s treaks.  The seam  is sep ara ted  from  Number 
4 Seam  by 6 to 14 m etres  o f  sandstone and shale.
2.3 Structure
T h e  W i t b a n k  C o a l f i e l d  c o n s i s t s  o f  a s h a l lo w  b a s in  o f  s e d i m e n t s  
d ep os ited  on an uneven floor if m e ta sed im en ts  and m e ta v o lc a n ic  rocks.  
The se d im en ts  rarely  dip a t  an g les  g re a ter  than 5 ° ,  a lthough dips tend  
to in cr ea se  in the v ic in i ty  o f  B asem en t  "highs". T h e s e  s t e e p e r  d ips  
e r e  p r o b a b ly  d u e  to  d i f f e r e n t ia l  c o m p a ct io n  o f  the  se d im en ts  around  
these  "highs". Folding is m inim al, w ith  th e  o n ly  k n o w n  o c c u r r e n c e s  
being m onoc lin a i rolls.
Up to the p resen t,  no fau lts  o f  any con sid erab le  m agnitude have been  
en co u n te re d  in the m ine workings o f  the  W itbank C o a l f i e l d ,  a n d  th e  
n u m e r o u s  b o r e h o l e  s e c t i o n s  i n d i c a t e  t h e  p r o b a b i l i t y  o f  an eq u a l  
freed om  from  disturbance throughout the  area .  S u c h  f a u l t s  a s  h a v e  
been noted  range in throv/ from a few  c e n t im e t r e s  to half  a m etre .
Igneous dykes  are  a lso  c o m p a ra t iv e ly  rare in the northern part o f  the  
c o a l f i e l d ,  and a r e  u s u a l ly  q u i t e  s m a l l  varying in width b e tw e en  60 
c e n t im e t r e s  and 5 m etres .
O th e r  s t r u c t u r a l  d i s t u r b a n c e s  a r e  p u r e ly  o f  sedimentologlcal origin.  
Floor rolls  are  com m on  and probably r e p r e s e n t  sa n d  d e p o s i t i o n  in a 
braided s trea m  type  env ironm en t,  which are  very d iff icu l p red ict.
CHAPTER 3 
TOPSOIL AND SOFT O VERBURDEN REMOVAL
3.1 Introduction
The f irst  operation  con d ucted  during the e x p lo ita t io n  phase o f  su rface  
mining is the  rem oval o f  s o f t  overburden or topsoil .
A ccord ing  to the South A fr ican  Mines and Works A vt  (A c t  number 27
o f  1936), R egu lation  3 .12 .3  " a ll  t o p s o i l  r e m o v e d  a t  an y  o p e n c a s t
m in e  fo r  th e  p u r p o se  o f  e x p o s i n g ,  wo k in g  or search in g  a mineral  
d ep o s it ,  shall be dep osited  a t  a sp ec ia lly  s e le c t e d  s i t e  for r e p la ce m e n t  
as  topsoil during rehab ilita tion  o f  the disturbed su r fa c e  "
R egu la t ion  3.11 (e) o f  the Mines and Works A c t  s t a te s  t h a t  " to p so i l"  
m eans all cu lt ivab le  soil m ater ia l  that can be rem oved  m ech an ica l ly  to  
a depth  of  one m etre  w ithou t  b last ing .
In s e l e c t i n g  a particular stripping method the  primary o b je c t iv e  is to  
rem o v e  the  m ateria l a t  the  le a s t  possible c o s t .  A c c o m p l i s h m e n t  o f  
t h i s  g o a l  requ ires  the carefu l  consideration  o f  many fa c to r s  including  
g e o lo g ic a l  and t o p o g r a p h ic  i n f o r m a t i o n ,  p r o x i m i t y  o f  t h e  s t r ip p in g  
o p e r a t i o n  t o  w a s t e  d i s p o s a l  a r e a s ,  p o s s i b l e  p r o b le m s  o f  land  
r e c l a m a t i o n ,  t y p e s  o f  s u i t a b l e  e q u ip m e n t  a v a i l a b l e  and a u x i l i a r y  
eq uipm ent requ irem ents .  N orm ally  the s iz e  o f  the c o a l f ie ld  will lim it  
t h e  n u m b e r  o f  e c o n o m i c  s t r i p p i n g  m e t h o d s  w h i c h  n e e d  t o  b e  
con sid ered .
The first part of this se c t io n  re v ie w s  d if f e r e n t  cr iter ia  which are used  
to  c la s s i fy  the ex c a v a ta b i l i ty  o f  m a t e r i a l ,  f o l l o w e d  by a r e v i e w  o f  
p o s s ib l e  m in in g  m e t h o d s  and an e c o n o m i c  ap p ra isa l  o f  the various  
a lte r n a t iv e s  proposed.
3 . 2  E x c a v a ta b il i ty  C la ss i f ic a t io n  S ystem s.
A l i t e ra tu r e  survey indicated that severa l cr i ter ia  are used to  c la s s i fy  
the e x c a v a ta b i l i ty  o f  m ater ia ls .  (K o rh o n e n  e t  a l ,  1 9 7 : ;  B i e n ia w s k i ,  
1 976;  B a r to n ,  1 9 7 4 ;  J e n n in g s ,  1 9 7 3 ) .  The f o l l o w i n g  m e t h o d s  are  
su m m arized  briefly:
3 . 2 . 1  S e ism ic  V eloc ity
D u r in g  1 9 5 8 ,  th e  C a t e r p i l l a r  Tractor C om p any  d eveloped  the  use of  
the r e fr a c t io n  se ism ograph as an aid for the  d eterm in a t io n  o f  th e  c la ss  
o f  e x c a v a t i o n  in t e r m s  o f  t h e  rippability  o f  m a te r ia ls .  (Caterpillar  
T r a c 'x -  Com pany, 1978). W eaver (1976) in d ica tes  t h a t ,  by u s in g  t h e  
r e f r a c t i o n  s e i s m o g r a p h ,  th e  s e i s m i c  w a v e  v e l o c i t y  through various  
l a y e r  o f  m a t e r i a l  i s  m e a s u r e d ,  f r o m  w h i c h  t h e  d e g r e e  o f  
c o n s o l i d a t i o n ,  i n c l u d i n g  s u c h  f a c t o r s  a s  r o c k  h a r d n e s s ,  r o c k  
s tr a t i f ic a t io n ,  d eg re e  of  fracturing and d e g r e e  o f  w e a t h e r i n g  c a n  b e  
d e t e r m i n e d .  F ro m  th is  in f o r m a t i o n  an indicat ion  o f  the equ ipm ent  
n ece ssa r y  and the m ethod o f  e x c a v a t io n  is  o b t a in e d .  The C a t e r p i l l a r  
P er fo r m a n ce  Handbook (1983) has for many years included in form ation  
in ter m s o f  which various m ater ia ls  h ave  b een  d e f in e d  to be rippable,  
m arginally  rippable and non-rippable by a range o f  tra c k -ty p e  tractors.  
Figure 3.1 i l lustrates  the relationship  b e tw e e n  the ripper p e r f o r m a n c e  
o f  a D 9L  tr a c k  d o z e r  and se ism ic  w ave  v e lo c i t ie s  for d if f e r e n t  rock  
types .  Weaver (1973) c la ss i f ie d  the r ippability  o f  m a t e r i a l  b a s e d  on  
se ism ic  w ave  v e lo c i t ie s  with a heavy trac tor  as d e ta i le d  in Table 3.1
. . i e  use o f  se ism ic  w ave  v e lo c i t ie s  as  a cr iter ion  to  a ssess  rippability  
and e x c a v a ta b i l i ty  is not recom m en ded  for the fo llow ing  reasons:
(a) T h e  C a t e r p i l l a r  T r a c t o r  C o m p a n y  ( 1 9 7 8 )  s t a t e s  t h a t  " t h e  
d eterm in at ion  w hether or not a rock can be ripped is som ething  
o f  an art in i t s e l f ,  and very  o f te n  a c o n c lu s iv e  answer can n ot  be 
o b ta in ed .  Test by trails is the b es t  approach."
(b) K ir s t e n  ( 1 9 8 2 )  c o m p a r e s  th e  s e i s m i c  v e l o c i t i e s  f o r  v a r i o u s  
c o n s i s t e n c i e s  o f  s a n d s t o n e  a g a i n s t  d r a w b a r  pull  fo r  v a r io u s
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Easy ripping 430 - 1 200 430 - 900
Hard ripping I 200 - I 600 900 - I 200
Very hard ripping 1 600 - 1 HO 1 200 - 1 300
Extrem ely hard ripping 
or blasting
I SJ0 -  2 130 1 300 - 1330
Blasting >  2 130 >  1 330
c la s s i f ic a t io n  standards (Figure 3.2) and co n c lu d es  t h a t  " it  is  e v i d e n t  
that the s p e c i f i c  lim its  on se ism ic  w ave  v e lo c i t y  as g iven  in the TPA  
Standard S p e c if ic a t io n  (1973) and by Weaver (1975) are at  variance and 
t h a t  s e i s m i c  w a v e  v e lo c ity  cannot be used as a c la ss ify in g  cr iter ion .  
T h is  is c o n f i r m e d  i n d i r e c t l y  in  t h e  p r o p o s e d  S A B S  S t a n d a r d  
S p e c i f !  a t  ion (1979) in which the e x c a v a t io n  c la s s  is d ef in ed  in term s  
o f  the  m ach ine c h a ra c ter is t ic s .  It is in te re st in g  to  o b s e r v e  th a t  t h e  
se i sm ic  w ave v e lo c i ty  ranges eq u iva len t  to the  SAbS S p e c if ic a t io n  are  
c o m p le ty  d if f e r e n t  from those g iven  by the TPA S p e c if ic a t io n  and by 
Weaver."
3 .2 .2  G eo m ech a n ics  rating proposed by W eaver (1973)
W eaver (1975) in d ica tes  that appart from  t h e  s e i s m i c  w a v e  v e l o c i t y  
the  fo llow ing  g e o lo g ica l  factors  are likely  to  in flu en ce  the a ssessm en t  
o f  rippability:
s£/sm c  sSLoarr fm /sscJ j
1 0 0 0  2 0 0 0  3 0 0 0  5
TO
1 5 0 0
1000 1
5 0 0 I
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- Rock w eathering
- Rock structure
• Rock fabric
To in c o r p o r a t e  t h e s e  f a c t o r s  in to  a s in g le  rippability  rating factor ,  
Weaver adopted  the rock c la s s i f ic a t io n  sy s te m  d eve lop ed  by Bieniawski
( 1 9 7 3 )  and W ickh am  e t  a l  ( 1 9 7 2 )  b y  a s s i g n i n g  r a t i n g s  to  e a c h  
p a r a m e t e r  u s in g  a w e i g h t e d  n u m e r i c a l  v a lu e .  The final rock c la s s  
rating is the sum of the w eigh ted  p a ra m eters .  Table 3.2 su m m arizes  
the rippability  rating chart  as proposed by Weaver.
TABLE 3.2
RIPPABILITY RATING C H A R T (WEAVER, 1975)
RO CK  CLASS r II III IV V
D e sc r ip t io n Very good 
rock
Good rock F a ir  rock P o o r rock Very poor 
rock
S eism ic
v e lo c ity (m /s )
> 2 1  JO 21 JO -  1150 i s j o - r o o 1000-1200 1200-450
R a tin g 24 2k 20 12 3
R ock  h a rd n ess E x trem ely  
hard rock
Very hard  
rock
H ard  rock S o ft rock Very so ft 
rock
R a tin g 10 3 2 1 0
J o in t  spacing
(m /m )
3000 3 0 0 0 -1000 1000-300 300-30 < 3 0
R a tin g ) 3 ) 0 0
J o in t










w ith  gouge
R a tin g 3 3 3 0 0
Jo in t  gouge No
sep ara tio n
S ligh t
sep a ra tio n
S ep ara tio n
I m m
Gouge -  
Jm m
Gouge - 
>  3 m m
R a tin g 3 3 % 3 1
S trik e  At dip  





S ligh tly  un 
fav o u rab le
F av o u rab le Very
favourab le
R a tin g U 10 3 3
TOTAL RATING
—  1
1 0 0 - 9 0 9 0 - 7 0 7 0 - JO 3 0 - 2 3 2 3
1 9 .
The a d van tage  o f  the G e o m e ch a n ics  C la ss i f ic a t io n  S ystem  is  t h a t  th e  
e f f e c t  o f  various rock c h a r a c te r is t ic s  is taken  into  accou n t  in the  final 
rock rating . It is, how ever ,  doubtful w h e t h e r  t h i s  s y s t e m ,  w h ic h  is 
based on a sum m ation  of  the c h a r a c te r is t ic  ratings,  could  be ex ten d ed  
to include the full range o f  m ater ia ls  from soils  through to  rocks .
A d d i t io n a l  d i s a d v a n t a g e s  w h ic h  a r e  a s s o c i a t e d  with  the sum m ation  
princip le are the inherent l im ited  range o f  va lues for the  to ta l  rating  
in d e x  an d  th e  la c k  o f  t h e  a b i l i t y  to  c o r r e l a t e  t h e  n a t u r e  o f  the 
f u n c t i o n a l  d e p e n d e n c e  o f  t h e  t o t a l  r a t in g  w i t h  a n y  o n e  m a t e r i a l  
c h a r a c te r i s t i c .  The lim ita t ion  on the  to ta l  rock rating, which fo llow s  
by d e f in it io n  from the  c o n s t i tu t iv e  su m m ation  p r in c ip le ,  r e d u c e s  th e  
s e n s i t i v i t y  o f  t h e  rating to any one o f  the c h a r a c te r is t ic  p aram eters  
and this m ethod o f  rock c la s s i f ic a t io n  sy s tem  is not r e c o m m e n d e d  to  
be used in determ in ing  the e x c a v a la b i l i ty  o f  m ater ia l .
3.2 .3 C la ss i f ic a t io n  system  proposed by K irsten  (1982)
K i r s t e n  ( 1 9 8 2 )  s t a t e s  t h a t  th e  e f f o r t  to  e x c a v a t e  i n v o l v e s  tw o  
fundam ental p rocessess .  In principle the m ater ia l  is f irst  broken down 
in  p l a c e  a n d  t h e n  in th e  s e c o n d  s t a g e  i t  is  r e m o v e d  fr o m  the  
ex c a v a t io n .  The e x c a v a ta b i l i ty  o f  the m ater ia l  m a y  be e x p r e s s e d  in 
t e r m s  o f  th e  f o l lo w in g  c h a r a c te r is t ic  p aram eters  which co n tr ib u te  to 
th e se  p rocessess:
Strength o f  parent m ater ia l  
In situ  d en s ity  
D eg r ee  of  w eathering  
S eism ic  v e lo c i t y  
Block s ize
Shape of  e x c a v a t io n  re la t iv e  to e x c a v a t in g  equipm ent
Block  shape
Block orientation
Jo in t  roughness
Joint gouge
Join t  separation
In an e f fo r t  to redu ce  the  number o f  p aram eters  to be included in the  
e x p r e s s i o n  for  e x c a v a ta b i l i ty ,  Kirsten id en tif ied  those variables  which  
are  dependent upon each  other as fo llow s:
(a) The s t r e n g t h ,  d e n s i t y ,  w e a t h e r i n g  and se ism ic  v e lo c i t y  of  a
natural m ater ia l  are  ail  c lo s e ly  re la ted  phenom ena, th e  e f f e c t s  
o f  w h ic h  c o u ld  b e  r e p r e s e n te d  by the Mass Strength  Number  
(Ms)
(b) T h e b lo c k  s i z e  and r e l a t i v e  e x c a v a t i o n  shape represen t  the
freedom  o f  m o v em en t  which individual b lock s  o f  m ater ia l  have  
u nd er  t h e  a c t i o n  o f  th e  e x c a v a t i n g  a p p l i a n c e .  The e f f e c t  
w h ic h  t h e s e  p a r a m e t e r s  h a v e  o n  e x c a v a t a b i l i t y  c a n  b e  
rep resen ted  by the  Block S ize  p aram eter .  (RQD/Jn)
(c) The e f f e c t  on e x c a v a t a b i l i t y  o f  t h e  b lo c k  s h a p e  and b lo c k
o r i e n t a t i o n  ca n  b e  r e p r e s e n t e d  by a s i n g l e  c h a r a c t e r i s t i c  
denoting  the shape o f  the b lock  r e l a t i v e  t o  t h e  d i r e c t i o n  o f  
e x c a v a t i o n .  T h i s  p a r a m e t e r  is t e r m e d  R e l a t i v e  G round  
S tructure Number (3s)
(d) The e f f o r t  to  s e p a r a t e  the individual b locks o f  m ater ia l  in a
t i g h t l y  f i t t i n g  a r r a n g e m e n t  i s  c l e a r l y  d e p e n d e n t  upon t h e  
r e s is te n c e  to m o v em en t  on the jo ints.  The three p aram eters  of  
joint roughness, gou ge  and sep ara tion  h a v e  an e f f e c t  on t h i s  
v a r i a b le  and c a n  be c o m b in e d  in to  a s i n g l e  c h a r a c t e r i s t i c :  
Joint Strength  (^r/3a )
K ir s t e n  (1 9 8 2 )  ad ap ted  the Norw egian  c la s s i f ic a t io n  system  d eveloped  
by Barton e t  al (1974) to en able  an index  to  be def ined  for the  en t ire  
r a n g e  o f  natural m ater ia ls  from the w ea k es t  soil to the hardest  rock  
and to a llow  gu idelines  in r e s p e c t  o f  t h e  v a l u e s  for  t h e  in d iv id u a l  
c h a ra c ter is t ic s  to be taken from the c la s s i f ic a t io n  system  proposed by 
Barton.
In term s of  the c h a r a c te r is t ic s  d ef ined  ab ove ,  Kirsten (1982) expressed  
the e x c a v a ta b i l i ty  index (N) as fo llow s:
N Ms (RQD/jn) J s  . (Jr/Ja) ( 3 . 1 )
Where Ms = M ass  s t r e n g t h  n u m b e r  w h ich  d en o te s  the
e f fo r t  to  e x c a v a t e  t h e  m a t e r i a l  a s  i f  i t  
w e r e  p e r f e c t ,  t h a t  i s ,  h o m o g e n e o u s ,  
unjointed and dry.
R Q D /jn  = B lo ck  s i z e  n u m b er .  This term  represen ts  
th e  r e d u c i n g  e f f e c t  w h ic h  t h e  s i z e  o f  
b lo c k s  h as  on t h e  e f f o r t  to e x c a v a t e  the  
p e r fe c t  m ater ia l .
3s = R e l a t i v e  G roun d  S t r u c t u r e  number which
rep resen ts  the r e d u c in g  e f f e c t  c a u - e d  by 
th e  b lo c k  s i z e  and or ien ta t ion  r e la t iv e  to
th e  e x c a v a t i n g  f o r c e  on t h e  e f f o r t  t o
e x c a v a t e  the p e r f e c t  m a te r ia l .
3r/Ja = J o i n t  S t r e n g t h  n u m b e r .  T h i s  t e r m  , 
r e p r e s e n t s  t h e  r e d u c in g  e f f e c t  which the  
d eform ab il i ty  and w e a k n e s s  o f  t h e  j o in t s  
h a v e  on t h e  e f f o r t  t o  e x c a v a t e  t h e  
m ateria l  as  a p e r f e c t  m edium .
Every m ater ia l  c h a r a c te r is t ic  in the sy stem  proposed by Kirsten should
be quantif ied  e i th er  em p ir ica lly  by inspect ion  or by r igorou s  s t a n d a r d
t e s t i n g .  M e t h o d s  to d e t e r m i n e  th e  v a r io u s  in d iv id u a l  r a t in g s  a r e  
p resented  in Appendix 1.
Kirsten (1982) d ef ines  the ex c a v a t io n  c la ss  boundaries in term s o f  the 
ex c a v a ta b i l i ty  index (N) as indicated  in Table 3.3
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TABLE 3.3
DEFINITION OF EIGHT POINT EXCAVATION  














I L ess than  0,01 Hand spade OS
Soil/ 2 0 ,0 1  -  9 ,0 9 9 9 Hand pick and spade 0 4E /D 1B 3 4/78
D e tr i tu s ) 0 ,1  •  0 ,9 9 9 P o w er tools DSD 104
« 1 .0  -  9 .9 9 Easy ripping D7C 1*9
i 1 0 ,0  -  9 9 ,9 H ard ripping OIK 224
Rock 6 1 0 0 ,0  -  999 Very h a rd  ripp ing 0 9 H 304
7 I 0 0 0 ,0  -  9 999 E x trem a ly  hard  
r ip p in g /b la s tin g
DIO
1 L arg er than  10 000 B lasting • •
It should be observed  in Table 3.3 that the  proposed  l i m i t s  f o r  e a c h  
c a t e g o r y  o f  e x c a v a t a b i l i t y  a r e  d i f f e r e n t  by an order o f  m agnitude.  
Som e m inor in accu rac ie s  or u n c er ta in t ie s  in the m agnitudes o f  any o f  
t h e  b a s i c  c h a r a c t e r i s t i c s  sh o u ld  no,, r e a d i ly  r e s u l t  in a ch a n g e  in 
e x c a v a t i o n  c l a s s  u n le s s  th e  in d e x  is  a l r e a d y  c l o s e  to  an y  o f  t h e  
proposed c la ss  boundaries.
To a s s e s s  the e x c a v a ta b il i ty  o f  so ft  overburden or topsoil  m ater ia l  in 
the Witbank Area it is recom m en ded  to use  the c l a s s i f i c a t io n  s y s t e m  
p r o p o s e d  by Kirsten (1182) b eca u se  this sy s te m  co n s is ts  es sen t ia l ly  of  
the fo llow ing  e lem en ts :
an e x p r e s s i o n  for  t h e  e x c a v a t a b i l i t y  in d e x  in term s o f  the  
products o f  the fundam ental engineer in g  c h a r a c t e r i s t i c s  o f  th e  
ground which a f f e c t s  the p rocess  of  ex c a v a t io n
c h a r a c t e r i s t i c  v a lu e s  fo r  t h e  p a r a m e t e r s  c o n s t i t u t i n g  t h e
e x c a v a ta b i l i ty  index and
boundary values for the various excavation  c lass intervals.
The soft  overburden of  th e  W itbank C o a l t i e l d  c o n s i s t  o f  a re d d ish  
b row n , sandy c la y  m a t e r ia l ,  w h ich  in c o r e  form , is  gen era lly  not  
recovered  during exploration d r i l l in g  ( F o u r ie ,  1982). The t h ic k n e s s  
varies from zero, where sandstone outcrops, to depths in excess  o f  20 
m etres.  The material is o ften  dry, firm and tightly jointed.
By a s s ig n in g  v a lu e s  to the  v a r io u s  rock param eters o f  equation 3.1 
then
Ms a 0 ,0 9
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N 0 ,3 3 5
r c l a s s  3 ( R e f e r  to  T able  3 .3  above) which  
can be c la ss if ied  as very e a sy  digging using 
power tools.
3.3 Equipment Selection
As in d ic a t e d  in s e c t io n  3.2 the topsoil or soft  overburden typical of 
the Witbank area can be c lass if ied  as very so ft  and can be excavated  
re latively  easily  without blasting or ripping.
A large se lec tion  of  mining m e t h o d s  and a s s o c i a t e d  e q u ip m e n t  are  
a v a i la b le  for s o f t  o ’/e r b u td e n  strippin.j. Singhal (1933) com piled an 
equipm ent rating chart for topsoil r e m o v a l  which c a n  be u :e d  a s  a 
guide for equipment se lection  (Table 3.4).
TABLE 3 A
TOPSOIL REMCVAL VERSUS EQUIPMENT RATING 
(SINCHAL, 1983)
1. Should b* considered
2. \U y  be considered
3. SUy be co n sid ered  under 
c e r ta in  cond itions
May be considered  special 
situ a tio n
i §
Ai H,*n ; ?  
B. M oderate  u ' ?
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I i 5 1 I
3 ,6  -  1 ,5 1 I i I I i 3 ! *
-
1 I 1
Haui d l t t a r c e  
i m )
C -  100 I I 2 2 i 3 1 *
100 .  150 2 2 1 I i <4 3 1 I
150 .  3C3 I - 1 i 4 3 2
500 -  5C0 | 1 1 i • 2 I
I I | 1
» 3 M  1 1 2 ■ :
H I !
2 ! » I I
PleaibU ity
•1 1 1 1 
Oood A A A A | A A A 1 A A
-n d er varied 
F ield  conditions
^  r  A Ar j a A
Poor B 3 B 6 3 A C c |  c | »
From this table it can be seen that if  topsoil to a depth o f  I m etre  
h as to  be e x c a v a t e d  and hauled  o v e r  a d i s t a n c e  o f  m o re  than 1 
kilom etre  only the following a lternatives  need to be considered:
Scrapers
Hydraulic excavators and trucks  
Front end loaders and trucks
3 . 4  Financial Evaluation
a sse ss  the various a lter n a t iv e s  su ggested  by Singhal (1983) a typ ica l  
pi-  la y -o u t  and haul road p r o f i l e  w e r e  u sed  a s  t h e  b a s i c  in p u t  t o  a 
c o m p u t e r  s i m u l a t i o n  p r o g r a m m e  o f  B a r l o w ' s  T r a c t o r  D iv i s i o n  
(Blenkinsop and Tredrea, 1982; Fourie ,  1982).
H o u r ly  p r o d u c t io n  r a t e s ,  c a p i t a l  and op era t in g  c o s t  e s t im a t e s  w ere  
c a lcu la ted  for the fo llow in g  a ltern at ives:
(a) A 3 1 ,8  ton  c a p a c i t y  re a r  dump truck (Cat 769 C) loaded by 





A 4 5 ,4  to n  c a p a c i t y  re a r  dum p truck (Cat 773 B) loaded  by 
one 515 kW front end loader with a b u ck et  c a p a c i ty  o f  1 0 ,3 m 3 
(Cat 992 C).
A 77,1 ton c a p a c i ty  rear dump truck (C at  777) loaded  by one  
515 kW front end lo a d e r  w i t h  a b u c k e t  c a p a c i t y  o f  1 0 , 3 m 3 
(Cat 992).
(d) A 15 ,3m 3 c a p a c i ty  w heel tra c to r -scra p er  (Cat 621 B) pushed by 
one 250 kW tra c k - ty p e  dozer (C at  DSL).
(e) A 2 3 ,7 m 3 c a p a c i ty  w heel tra c to r -scra p er  (Cat 631 D) pushed by 
one 343 kW tra c k - ty p e  d ozer (C at D9L).
A 3 1 ,8  to n  c a p a c i t y  rear  dump truck 'C at  769 C) loaded by 
one 3 ,1 m 3 c a p a c i ty  hydraulic ex c a v a to r  (C at  245 FS).
.•or e a c h  a l t e r n a t i v e  the number o f  haulers per loader was increased  
from i through to 6. R esu lts  o f  th is  in v e s t ig a t io n  a r e  p r e s e n t e d  in  
Table 3.5, i l lustrated  in Figure 3.3 and d eta i led  in Appendix 2.
TABLE 3.5
PRODUCTIVITY. OPERATING COST AND CAPITAL  
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(R x 106 )
1 67 233 0 , 8 3 5
2 128 163 1 ,1 8 0
3 182 147 1 ,5 2 4
C A T 769C /988B 4 222 145 1 ,8 6 9
3 243 155 2 ,2 1 3
6 230 172 2 ,5 5 8
1 101 276 1 ,4 8 3
2 193 183 1 ,9 7 2
C A T 773B /992C 3 280 157 2 , 4 6 0
♦ 330 148 2 ,9 4 9
3 398 150 3 ,4 3 8
6 420 161 3 ,9 2 7
I 143 208 1 ,6 6 4
2 274 148 2 .3 3 4
C A T 7 7 7 /9 9 2 C 3 380 133 3 ,0 0 4
4 443 137 3 ,6 7 4
3 466 153 4 ,3 4 3
6 473 172 5 ,0 1 3
1 96 221 1 ,0 5 8
2 194 167 1 ,5 8 7
C A T 631D /D 9L 3 284 152 2 , 1 ) 7
4 367 147 2 ,6 4 7
3 443 145 3 ,1 7 7
6 316 147 3 ,7 0 6
1 63 237 0 ,6 8 0
2 123 176 1 ,0 0 0
3 184 139 1 ,3 2 0
CA T621B/DSL 4 238 133 1 ,6 3 9
3 288 152 1 ,9 5 9
6 333 133 2 ,2 7 9



















0 ,7 6 1
1 ,1 0 5
1 ,4 5 0
1 ,7 9 5
2 ,1 3 9
2 ,4 8 4
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CAT 7 7 7 / 9 9 2  C 
CAT 7 7 3 3 / 9 9 2  C
---------------CAT 63 1 0  / 0 9 L
-------------- CAT 7 6 9 0 / 9 6 9 3
- - - - -  CAT 6 2 1 / 0 3 7  
--------------  7 6 9 C / 2 4 3 F S
100 >
I 2 No. O F  T R U C K S
No OF T R U C K S
FIGURE 3.3
PRODUCTIVITY. OPERATING COST AND CAPITAL COSTS FOR 
VARIOUS SOFT OVERBURDEN STRIPPING METHODS
%
■ 5 ■ '
TABLE 3.6
COMPARISON OF CAPITAL A,' D OPERATING COSTS 
OF VARIOUS TOPSOIL MINING METHODS 
FOR DIFFERENT PRODUCTION RATES
MACHINES
CONSIDERED











e x c a v a to r /H a u l
truck
100 0 , 9 0 128
F ron t  end load er /  
H aul truck
1 ,0 3 194
S cra p er /D o ze r 1 ,0 3 220
Hydraulic
e x c a v a to r /H a u l
truck
200 1 ,3 0 112
Front end load er /  
Haul truck
1 ,6 0 143
S cra p er /D o ze r 1 ,6 0 166
H ydraulic  excavator/  
Haul truck
300 2 , 4 0 115
Fron t end loader  
and Haul 
truck
2 , 6 0 155
S c r a p e r /D o z e r 2 ,2 0 151
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3 . 5  C onclusions and R ecom m en dation s
By i n s t i t u t i n g  t h e  e x c a v a t a b i l i t y  c l a s s i f i c a t i o n  system  proposed by 
Kirsten (1982) and by applying r ig o r o u s  s t a n d a r d  t e s t s  or e m p i r i c a l  
q u a n t i f i c a t i o n  by in spection , the e x c a v a t io n  c la s s  boundaries in terms  
o f  the e x c a v a ta b i l i ty  index (N) can be d e ter m in ed  for various soils  or 
rocks in the Witbank Area.
A s  d e t a i l e d  in s e c t i o n  3 .2 ,  th e  t o p s o i l  or s o f t  o v e r b u r d e n  in the 
Witbank A rea  can be d efined  as  very so f t  and it can  be e x c a v a t e d  by 
m eans o f  scrapers, hydraulic ex c a v a to rs  or front end loaders.
By analys in g  the resu lts  obta ined  in Table 3.3 for d iffer en t  production  
r a t e s ,  a s  i l l u s t r a t e d  in T a b le  3 .6 ,  i t  i s  e v i d e n t  that the hydraulic  
e x c a v a to r  and re a r  d u m p  tr u c k  c o m b i n a t i o n  h a s  d e f i n i t e  f i n a n c i a l  
a d v a n t a g e s  o v e r  t h e  o t h e r  minim? m e t h o d s  a n a l y s e d .  This mining  
m ethod  can  also be im p lem en ted  ,.g th e  r e l a t i v e l y  t h in  c o a l
s e a m s  a n d  in p a r t in g  r e m o v a l ,  s t a n d a r d iz in g  mining m ethods,
op era t ion s ,  equ ipm ent and m ainten an ce  p rocedures on a single o p en cast  
op eration ;  this resu lts  in an overall  in crease  in th e  mine's p roductiv ity  ' 
and corresponding d e c r e a s e  in unit operat in g  c o s ts .
C H A P T E R  4
OVERBURDEN DRILLING
4.1 Introduction
M o s t  s u r f a c e  m i n e s  r e q u i r e  b r e a k a g e  o f  t h e  o v e r b u r d e n  u s in g  
ex p lo s iv es ;  to accom p lish  this, it is n ecessary  to drill a h o le  into the 
rock for p la ce m e n t  of  the ex p lo s iv es .
Drilling is a lso  used in su rface  m ining during exp loration  for obta in ing  
s a m p l e s  and d u r in g  d e v e l o p m e n t  o f  d r a in a g e ,  s lo p e  s t a b i l i t y  and  
foundation te s t in g .  Only in the e x p lo ita t io n  phase o f  s u r fa c e  m in in g ,  
h o w e v e r ,  a r e  u n iq u e  or s p e c i a l i z e d  d r i l l in g  m ethods and eq u ipm en t  
em ployed ;  the d iscussion  in this s e c t io n  is d i r e c t e d  p r im a r i ly  to  t h e  
la t te r  sp ec ia lised  drilling applicat ion .
A v a r ie ty  of  rocks m ay be en cou n tered  in drill ing. Whether they  are  
san dston e , shale or s i l t s to n e  is usually  of  le ss  con seq u en ce  in s e le c t in g  
a drilling m ethod than how res istan t  they  are to  penetrat ion  and how  
they  occur g e o lo g ica l ly .
Both consolidated  and u nconsolidated  m ater ia ls  m ay have to be drilled.  
While soils  and o ther lo o se  m a t e r i a l s  do n o t  r e q u ir e  b l a s t i n g ,  t h e y  
m ay, on o ccas ion ,  have to be p en etra ted  by a drill when they  o v er l ie  
rock, or when they  can  be e c o n o m ic a l ly  m o v e d  by e x p l o s i v e s .  T h e  
la t te r  p ra ct ise  can be term ed  "controlled  tra jec tory  blasting."
4.2  C lass i f ica t ion  o f  Rock  Drilling Methods
A c l a s s i f i c a t i o n  of  drilling m ethod s,  for su rface  or any other kind of  
mining, can be made on several b ases .  T h e s e  in c lu d e  s i z e  o f  h o l e ,  
m e t h o d  o f  m o u n t in g ,  and t y p e  o f  p o w e r .  The s c h e m e  w h ic h  is
c o n s id e r e d  m o s t  l o g i c a l  to  e m p lo y  is  b a se d  on t h e  fo r m  o f  rock  
a t ta c k ,  or mode o f  energy ap plica t ion .
(a) Thermal A tt a c k :  A l t h o u g h  o t h e r  p r i n c i p l e s  a r e  k n o w n  and
c o u l d  be e m p l o y e d , th e  o n ly  m e t h o d  o f  therm al p en etrat ion  
having p ract ica l  applicat ion  today is  f la m e  a t ta c k  with  the  e t  
p i e r c e r  or c h a n n e l e r .  B e c a u s e  o f  it:  r e a d y  c a p a b i l i t y  o f  
form ing various shapes o f  open ings,  j e t  b u r n e r s  a r e  u se d  n o t  
o n ly  to  p r o d u c e  b l a s t h o l e s  but a iso  tc cham ber them  and to 
c u t  dimension stone . This m ethod o f  rocK p en etrat ion  is only  
e m p l o y e d  o n  a s m a l l  n u m b e r  o f  hard  t a c o n i t e  m in e s  in 
N orthern  A m erica  and Canada.
(b) F l u i d  A t t a c k :  I n t e r n a l  r u p t u r e  o f  r o c k  by b u r s t in g  is
a t t r a c t i v e ,  b u t  t h e  e n d  r e s u l t  i s  m o r e  l i k e l y  t o  b e  
fragm en ta t ion  than p en etra t ion .  J e t  act ion  or erosion appears  
to  be the m ost  feas ib le  m eth od ,  but applica t ion  is l im ited .
(c) S on ic  A ttack: S om etim es re ferred  to as v ibratory  drill ing, this
m e t h o d  is p r e s e n t l y  u s e d  a s  a f o r m  o f  h ig h  f r e q u e n c y  
percussion .
t ( d )  C h em ica l  A t t a c k : The c h e m ic a l  re a c t io n ,  b eca u se  of  the t im e
fc e l e m e n t ,  is not  a t  p resen t  c o n s id e r e d  a p r a c t i c a l  p r o d u c t io n
m ethod .
1(e) M e c h a n i c a l  A t t a c k : The ap p lica t ion  o f  m ech an ica l  en ergy  to
r o c k  ca n  b e  p e r f o r m e d  b a s i c a l l y  in  o n l y  t w o  w a y s :  by
p ercuss ive  or rotary a c t io n .  Combining the tw a c t io n s  resu lts  
in a hybrid method term ed  rotary-p ercu ss ion .  The m e c h a n i c a l  
c a t e g o r y  c o m p r i s e s  by fa r  t h e  m a jo r i t y  o f  rock penetrat ion  
m e t h o d s  in e x i s t e n c e  t o d a y .  In s u r f a c e  m i n i n g ,  l a r g e  
percussion  drills and ro l ler -b it  rotary m ach ines are m ost w idely  
used .
3 2 .
Studies  by H artm an (1968) indicated  that the re la t iv e  c o s t  in so f t  and 
m e d iu m  ro c k  f o r m a t i o n s  with rotary (roiler-b it)  drilling, is d e f in i te ly  









EFFECT OF ROCK DRILLABILITY ON DRILLING 
COST FOR VARIOUS PENETRATION METHODS 
(HARTM AN, 1963)
R otary  and p e r c u s s io n  d r i l l in g  a r e  s u f f i c i e n t l y  c o m p e t i t i v e  in t h e  
m edium -to-hard  range to m ake the c h o ic e  dep en dent  on the particular  
c ir c u m sta n c e s .
P r a i l l e t  ( 1 9 8 3 )  id e n t i f i e d  v a r io u s  f i e l d s  o f  a p p l i c a t i o n  o f  d r i l l in g  
m achines as il lustrated  in Figure 4.2. He c a l l s  t h i s  t h e  d ia g r a m  o f  
the four kingdoms. Each kingdom represen ts  the ideal f ield application  
of a m ethod and its  l im its .
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T H E  F O U R  K I N G D O M S
M A X IM U M  W E IO M T  ON  7 M R E E  C O N E  S I T S
H O C *  C O M P R E S S I V E  
S T R E N G T H  M P a
DOWN THE HOLE /  
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M A X I M U M  O I A M C r t R M I N I M U M  O I A M E T E R
W IT H  O A A S a i T  l i « « . S » w l  W I T H  T H R E E  C O N E  ( i T A . e m m l
SIT OIAMETER ( millimetres
FIGURE 4.2
THE FOUR KINGDOMS OF DRILLING (PRAILLET. 1983)
Kingdom one is the  kingdom of  rotary  drilling with  drag bits .
K in g d o m  tw o  o u t l i n e s  t h e  f ie ld  o f  applicat ion  for o u t - o f - t h e  
hole  drifters .
K in g d o m  t h r e e  r e p r e s e n t s  th e  i d e a l  f i e l d  of  application  for 
rotary m achines using tr icon e  bits ,  and
Kingdom four is the ideal f ield  of  applica t ion  for d ow n -th e-ho le  
drills.
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A s m o s t  o f  th e  o v e r b u r d e n  in t h e  W itb an k  C o a l f i e l d  c o n s i s t s  o f  
s a n d s t o n e ,  s i l t s t o n e  or s h a l e  w ith  an u n ia x ia l  co m p re ss iv e  strength  
ranging from 62 to 165 MPa (S te f fe n ,  R o b e r t s o n  and K i r s t e n ,  19S2)  
and p r o d u c t io n  output requires large hoie drill ing, rotary drill ing with  
tr icone  bits  is recom m en ded  and will be in v e s t ig a te d  in m ore d eta il .
The d r i l l in g  e f f e c t i v e n e s s  is  h ighly  dependent on the q u ality  o f  the  
drill eva luation .  This d iscussion  will c o n c e n t r a t e  on tn e  p a r a m e t e r s  
that must be considered  to ev a lu a te  drill requ irem en ts  for a new  m ine.
The im portan ce  o f  co r re c t  drill eva luation  ex te n d s  into  o th er  f a c e t s  o f  
o p e n c a s t  m ining. Inadequate fragm en ta t ion ,  the d irect  re su lt  o f  poor 
drilling and blasting techn iqu es ,  resu lts  in o v er s iz ed ,  hard d ig g in g  for  
the ex ca v a t in g  equ ipm ent,  w hile  e x c e s s iv e ly  large drilling units  will be 
under u t i l ized ,  resu lt ing  in an in e f f i c ie n t  op erat ion .
The f irst  section  o f  this ch ap ter  d eta i ls  the various a sp ec ts  o f  drilling  
to  be considered  b e fo re  s e le c t in g  a p a r t ic u la r  m a c h in e  s i z e  and t h e  
s e c o n d  s e c t i o n  w i l l  r e p r e s e n t  an e v a l u a t i o n  o f  d i f fe r e n t  equipm ent  
s iz e s  for the various sca les  o f  operation  in the Witbank C o a lf ie ld .
4.3 F actors  Influencing S e le c t io n  of  Drilling Equipment
(a) R otary Drill Penetrat ion  Rate
The p e n e t r a t i o n  r a t e  is the main fa c to r  that .n f lu e n c es  drill 
p roductiv ity  and has a strong in f lu en ce  on unit c o s ts .
S e v e r a l  y e a r s  a g o ,  e x t e n s i v e  f ie ld  surveys w ere con d u cted  in 
the iron ore  industry of  North A m e rica  w ith  a v iew  to  re lating  
r o ta r y  d r i l l  p e r f o r m a n c e  to  rocK p r o p e r t i e s .  These studies  
(Bauer and Calder, 1967) showed that  a good corre la t ion  could  
b e  o b t a i n e d  b e t w e e n  p e n e f a t i o n  r a t e  and r o c k  u n ia x ia l  
com press! e  s trength , provided s u f f ic ie n t  t e s t s  were c o n d u c t e d  
to obtain a su f f ic ie n t ly  m eaningful rock s trength .  Instrum ented  
f ie ld  t e s t s  a lso  indicated  that t h e  p e n e t r a t i o n  r a t e  c o u ld  be  
l i n e a r l y  c o r r e l a t e d  w ith  th e  w e i g h t  p er m i l l i m e t r e  o f  b it  
d iam eter  and with the rotary speed .
33.
The result* o f  th is  work c a n  b e  e x p r e s s e d  by th e  f o l l o w i n g  
em p ir ica l equation: (Bauer and C alder,  1967 and Bauer 1971).
P = (84 ,43  -  28 log  Sc) RPM - 
17614
- ( 4 . 1 )
Where P a P en etrat ion  r a te  (m/h)
Sc = Uniaxial c o m p re ss iv e  strength ,
MPa.
W = Weight per m il l im e tr e  o f  bit
0  d ia m e te r ,  in K ilogram s.
RPM= R evolutions o f  drill pipe per 
rr ifiute.
By applying this formula to typ ica l rock properties en cou n tered  
in the Witbank A rea  and by com paring  the resu lts  with actu a l  
p r o d u c t io n  r a te s  obtained  on operating  m ines (Fourie, 1983) it 
is obvious that ‘his form ula g iv e s  d is torted  resu lts  as d e t a i l e d  
in Table 4.1.
TABLE M
COMPARISON BETWEEN THEORETICAL AND  
ACTUAL DRILL PENETRATION RATES
Down Pressure 20 000 kg
Bit D iam eter 230 ,823  mm
Rock C om p ress ive  Strength 133 MPa
Bit Rotation 100 RPM
C alcu la ted  P en etrat ion  R ate
using equation  4.1 10,53 m/h
A ctual P en etrat ion  R a te 37 m /h
i
Prail le t  (1983), through various f ie ld  t e s t s  d eterm in ed  th a t  the  
p enetration  rate  with rotary drills in so f ter  form ations  can oe  
c a lcu la ted  using the fo llow ing  em p ir ica l  form ula:
P = 63 ,8673  x W x RPM --------------------- ( 4 . 2 )
C 2 x D°»9
Where P = P en etra t ion  R a te  (m etres /h ou r)
W = Pull down (kilogram s)
RPM = R evo lu t ions  o f  arill pipe per m inute  
C = Rock co m p re ss iv e  strength  (MPa)
D = Bit d ia m e te r  (m il l im etres)
Both Bauer and Praillet  (equations 4.1 and 4 .2)  d eterm in ed  that  
p en etrat ion  ra te  is a function  of
Rock properties i .e .  co m p ress iv e  strength  
Bit ro tation  speed  
Down pressure on bit and 
Bit d iam eter
The e f f e c t  on p enetration  rate  cau sed  by e a c h  of  th e se  item s  
will be d iscussed  in d eta i l  below .
Rock properties
T h e ro c k  p r o p e r t y  f a c t o r  in th ese  equations is uncontrollable  
for a g iven  m ine, w hereas the rotary  speed and p u l ld o w n  ca n  
be varied by the drill operator within  the d es ign  l im its  o f  the  
m ach ine . The first s te p  in s e le c t in g  a su itab le  production drill 
is  t h e r e f o r e  to d eterm in e  the uniaxial co m p re ss iv e  strength  of  
th e  r o c k s  and s t r a t a  t o  b e  e n c o u n t e r e d  d u r i n g  m i n i n g  
o p e r a t i o n s .  G c o t e c h n i c a l  laboratory tes t in g  on cores  from a 
number of  boreholes  drilled in the Witbank A rea  were done by 
S te f fe n ,  Robertson and Kirsten (1982). Although the am ount of  
t e s t i n g  c a r r i e d  ou t  w a s  l e s s  th a n  o r i g i n a l l y  p r o g r a m m e d ,  
i n s p e c t i o n  o f  th e  ro c k  c o r e s  s h o w e d  t h a t  t h e r e  w a s  l i t t l e  
variation  in the co n s is te n c y  of  the d if fe r e n t  rock  horizons over  
t h e  t e s t  s i t e ,  a n d  t h e  r e s u l t s  o b t a i n e d  ( T a b l e  4 . 2 )
c a n  be c l a s s i f i e d  a s  b e in g  r e p r e s e n t a t i v e  o f  r o c k  s t r a t a  
en cou n tered  in the area .
TABLE 4.2









U niaxia l co m p ress iv e  
s tren gth ,  s i l ts to n e  (MPa) 86 15 61 -  106
U niaxia l com p ress ive  
s t r e n g t h , , sandstone  
and gr it  (MPa) 94 25 66 -  156
lodul- * of  e la s t i c i ty  
" (i ‘s tone ,
and grit . 15 3 -  41
Ten •< (MPa) 
Silts  _ ione  
and k 6 1 /2 3 1 -  9
In tact  coh es ion  (MPa) 
s i l t s to n e ,  sandstone  
grit 11 4 7 -  15
E f f e c t iv e  angle  of 
fr ic t io n ,  carbonaceous  
s i l t s to n e 23 6 , 16 - 27
E f f e c t iv e  angle  of  
fr ic t io n ,  sandstone  


























Figure 4.3 il lu s tra tes  p en etrat ion  ra tes  a s  a f u n c t io n  o f  r o c k  
c o m p r e s s i v e  s t r e n g th  for a rotary sp eed  of  IOC RPM and the  
recom m en ded  bit load using form ula (4.2) d eveloped  h /  F ra i l le t  
(1983).
S O -
311 mm. 0 BIT 
250  mm. 0 BIT 
1 1 5 mm. 0 BITs o
4 0 -
IOO ISO 200
POCK COMPRESSIVE STRENGTH ( M P a )
FICj URE 4.3  
RELATIONSHIP BETWEEN PENETRATION  
RATE AND  ROCK COMPRESSIVE STRENGTH
R otary drill rotation  ; p e eg
The rotary drive m otors turn the drill tool string thus turning 
the drill bit a t  the b ottom  o f  the hole .  This act ion  b n n g s  the  
s u c c e s s i v e  l in e s  o f  d r i l l  b it  c o m p a c t s  in to  cr a c t  w ith  the  
b a s e  o f  t h e  h o le .  A s  th e  r o t a r y  s p e e d  i n c r e a s e s ,  so  t h e  
n u m b e r  o f  c o n t a c t s  in creases  as w ell  as the  p en etrat ion  rate.  
T he l i m i t  o f  r o t a r y  s p e e d  i s  d e t e r m i n e d  b y  t h e  d e s i g n  
param eters  o f  the various drilling m achines (Table  4.3).
R otary drill pulldown w eigh t
F ig u r e  4 .4  i l lustrates  the pulldown and propel arrangem ent for 
a large rotary drill. (Sucyrus-E r ie  1979).
A p o r t io n  o f  th e  m a c h in e  w e ig h t  is applied by the pulldown  
m otor via the pulldown chains, rotary  head and drill s t e m s  to  
th e  drill bit.
It is obvious that the larger the d iam eter  o f  the  drill b it ,  the  
larger and m ore res is tan t  the supporting bearings in th e  roller  
c o n e s  w il l  b e ,  th u s  a l lo w in g  a g r e a t e r  d o w n p u il  on the  ‘'i* 
i t s e l f .
An em pirica l formula to d e ter m in e  the m axim um  a llow ab le  load  
or. any ro l ler  b i t  is  c a l c u l a t e d  b y  P r a i l l e t  ( 1 9 8 3 )  to  b e  as  
fo llow s:
Maximum pulldown (In kilogram s) = 0 ,J 7 C 2 ______________ (<*.3 )
Where D = Bit d iam eter  (in m il l im etres)
' .
For instance ,  a 251mm three  con e  bit will be a b le  to support a 
m axim um  pull down fo r c e  of  35 900 kg, while a 158mm three  
c o n e  b it  w il l  o n ly  be a b le  to  su p p o r t  14200 kg. Exceeding  
those  maximum forces  would i m m e d i a t e l y  d e s t r o y  th e  b i t  as  
ind icated  in Figure 4.5 be low . (Bucyrus Erie, 1979).
Drill bits
The tricone rotary drill b i ; has ev o lv ed  from the  drag bit and
FIGURE 4.4
PULLDOWN AND PROPEL ARRANGEM ENT FOR 
A BUCYRUS-ERIE 6C-R ROTARY DRILL
W E I G H T / m r n .  O F  B I T  D I A M E T E R  ( k g . )
FIGURE 4.5  
BIT LIFE VERSUS PULL-DOWN WEIGHT FOR 
A 231 mm DIAMETER TRICONE BIT
t h e  tw o  c o n e  b i t .  F i g u r e  4 . 6  i l l u s t r a t e s  t h e  v a r i o u s  
com p onents  o f  a tungsten  insert tr icone  rotary bit.
Not all tr icone bits are designed  to drill in any kind of rock,  
s in ce  the main o b je c t iv e  is to sink the  bit tooth  c o m p le te ly  in 
the rock to be drilled. It is obvious that if  the rock is very  
s o f t ,  t h o s e  b i t s  sh o u ld  h a v e  v e r y  lon g  t e e t h  to  p e n e t r a t e  
deeper; and con v er se ly ,  if  the rock is v e r y  h ard ,  sh o r t  t e e t h
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FIGURE 4.6
TRICONE ROTARY BLAST HOLE BIT CO PPO N E N T S
should be p referab le  in order to avoid n rem ature tooth  failure.  
A l t h o u g h  i t  d o e s  n o t  a l w a y s  a p p e a r  v e r y  c l e a r l y  in b i t  
m anufacturer's ca ta lo g u es ,  th e re  are four c la s se s  o f  tr icone  b its  
as il lustrated  in Figure 4.7 b e low .
BIT TYPE 1 ' FOR ROCK COMPRESSIVE  
S T R E N G T H S  < 1 2 8  MPa
BIT TYPE 2  1 FOR ROCK COMPRESSIVE
STR EN GTHS FROM 1 2 8  TO 2 0 0  MPa
BIT T YPE 3  'FOR ROCK C O M P R ESSIV E
STR EN GTHS FROM 2 0 0  TO 2 7 5  MPa
BIT TYP E 4 ' FOR ROCK C O M P R E S S IV E  
ST R E N G T H S  >  2 7 5  MPa
FIGURE 4 .7 
TRICONE BIT CLASSIFICATION SYSTEM
Praille t  (1983) c la ss i f ie d  these  four c a te g o r ie s  as  follows:
C lass  1. Bits designed with long s t e e l  tee th  and for rock co m p ress iv e  
stren gth s  up to 128 MPa.
C lass  2. These bits are designed  with  tungsten carbide,  r e la t iv e ly  long  




Class 3. C lass  3 bits  have m edium  length  carbide in sert  te e th  and are  
to  be used for rocks with a co m p re ss iv e  strength  b e tw e e n  200 and 273  
MPa.
C la s s  4. T h e s e  b i t s  h a v e  v e r y  s h o r t  rou n d  tu n g s te n  carbide tee th .  
They are su itable  for rocks with  a c o m p re ss iv e  s trength  g r e a t e r  th an  
275 MPa.
(b) R otary  Drill Air R equirem ents
C om p ressed  air used on a blast h o le  drill s e rv e s  two purposes.  
One is to co o l  the bearing su rfaces  o f  the b it  and the o th er  is 
to c lea n  and rem ove c u tt in g s  from the blast ho le .
If an in su ff ic ien t  quantity o f  air is provided, p rem ature fa ilure  
of  the  bit will occur. A pp rox im ate ly  20% o f  the air is forced  
through the roller con es  for coo l in g  purposes by a d j u s t in g  th e  
air pressure across  the bit u»ing the bit n o z z le s .
The air volum e is the primary requ irem ent for bailing cu tt in gs  
f r o m  th e  h o l e .  Air v e lo c i t y  up the  hole is dependent on the  
air vo lu m e per minute as w ell as the  hole annulus.
(c)  Drilling Depth ca p a b i l i ty
To o b v i a t e  t h e  n eed  to ch an ge or ex tend  drilling rods during 
norm al production drilling a c t iv i t ie s ,  it  is im portant to s e l e c t  a 
d r i l l i n g  unit t h a t  is cap ab le  of  drill ing to the  required depth  
w ith in  a single pa;.s.
I s o p a c h  p l a n s ,  d e f i n i n g  th e  t h i c k n e s s  o f  o v e r b u r d e n  and  
interburden to be en cou n tered  d uring  th e  m in in g  p r o g r a m m e ,  
n e e d  to  be d raw n  up t o  d e t e r m i n e  th e  m inimum, m ean and 
m axim um  drilling depths required.
(d) Mounting
The method of  mounting is d eterm in ed  by the  type of surface  
a r e a  to  be e n c o u n t e r e d  d u r in g  d r i l l in g  o p e r a t i o n s  and the  
required m anoeuvreability  of  the drill ing unit.
Truck or rubber w heel type mounting a llow s for a high d eg re e  
o f  f l e x i b i l i t y  and m a n o e u v r e a b i l i t y  o f  the drill ing rig but is 
m ost  unsuitable for rugged terrain.
C r a w le r  m o u n te d  r o t a r y  d r i l l s ,  a l t h o u g h  m o r e  d if f ic u lt  and  
slow er to m ove, a llow  a m ore stable  m ach ine ,  th a t  can  be used  
on any surface  area .
C r a w l e r  t y p e  d r i l l s  ca n  a l s o  be p o s i t i o n e d  c l o s e r  to  t h e  
highwall cr es t  than truck m ounted d r i l l s ,  w h en  d r i l l in g  f r o n t  
row h oles .
4.4 Drill Evaluation
T h e  e v a l u a t i o n  w il l  s t a r t  w ith  t h e  r e v i e w  o f  s o m e  o f  t h e  la r g e  
d i a m e t e r  r o t a r y  b l a s t  h o l e  d r i l l s  a v a i l a b l e  T a b l e  4 . 3  l i s t s  
r e p r e s e n t a t i v e  r o t a r y  b la s th o le  drills that are availab le  from various  
m anu factu rers .  This is not a c o m p le te  list  but is m eant to show the  
range of  equ ipm ent ava ilab le  from which the mining en g in eer  will have  
to  s e l e c t  the right m ach ine for any particular op eration .
T h r e e  d r i l l  s i z e s  ( 1 3 2 m m ,  2 3 0 m m  and 3 1 1 m m  d i a m e t e r )  w i l l  b e  
com pared  to d eter m in e  the  c a p i t a l  and i p e r a t i n g  c o s t s  for  v a r io u s  
annual production rates.
4.4.1 E s tim ated  Production R ates
As s t a t e d  In s e c t i o n  4 . 3 ,  r o ta r y  b lasthole  drill production rates  are  
d ep en dent  on the type of  rock form ation  e n c o u n t e r e d ,  t h e  t y p e  and  
s i z e  o f  d r i l l  b it  used, thrust or pulldown e x e r te d  by the  drill on the  
bit and d r i l l  c o m p r e s s o r  s i z e .  O t h e r  f a c t o r s  t h a t  w i l l  I n f l u e n c e  
p roductiv ity  arc operator skill ,  type o f  terrain, d is tan ce  b e tw e en  holes  
and the drills' capability  o f  drilling the required hole witn or without  
changing drill s t e e l  (s ingle-pass  capability ).
TABLE 4.3
MANUFACTURER'S BASIC SPECIFICATIONS OF LARGE DIAMETER
ROTARY BLAST HOLE DRILLS









Bucyrus-Erie 2<t30-R Truck 220 14 0-12$ Diesel
MR Crawler 220 23 0-92,3 E lectric
OJ-R Crawler 279 33 0-92,3 E lectric
60-R Crawler 111 43 0-92,3 Electric
41-R Crawler 4*3 43 0-92,3 Electric
Chicago T&36 Truck 200 iJ 6 - lid Diesel
Pneum atic C610 Crawler 200 13 0-120 LMcscl/ClcC.
T630FF Truck 200 20 0-190 Diesel
T7000 Truck 220 20 0-180 Diesel
C7000 Crawler 220 20 0-180 Diesel/Elec.
T730 Truck 270 23 0-100 Diesel
T8000 Truck 311 30 0-130 Diesel
6*Vey MjC'TB' - Crawler 135 "" 13 30-240 Diesel
Rouiaelia MSA Truck 200 13 40-230 Diesel
MS TO Truck 210 20 0-220 Diesel
Driltech BMk Crawler 222 20 0-200 Diesel
DaOK Truck 222 20 0-200 Diesel
tiardner Denver RBC-ifiS Crawler “ Ufl —  T " "0-238 biesel
CD-40 Truck 230 30 0-9* Diesei/Elec.
CD-120 Crawler 381 40 0-120 Eiec./Diesel
C D -130 Crawler 432 43 0-120 Eiec./Oieset
Ingersoll-RanU Damco 3000 Crawler 1*3 10 il)-373 Diesel
Damco 3000 Crawler 143 13 70-373 Diesel
Damco 4000 Crawler 200 20 70-373 Diesel
T-4 Truck 200 17 0-100 Diesel
T-3 Truck 230 30 0-111 Diesel
DM-4A Crawler 200 22 0-100 D'esei
DM-4 Crawler 270 *3 0-100 Diesel
DM-7 Crawler 311 43 0-100 Diesel
Joy (Robtimi Division) RR10-S Crawler ~  556 ' 38 29-134 Diesel
R R H -E Carwler 311 40 32-330 Electric
RR13-E Crawler 381 40 0-200 Electric
r t - 100 Crawler 270 43 23-134 Electric
RRT-30 Truck 220 23 23-140 Diesel
RRT-40 Truck 270 30 23-140 Diesel
RRT-70 Truck 270 33 23-140 Diesel
Marion M-a C ra vler '""TTT"- 30 f l- IU  ' Electric
M-3 Crawler 381 40 0-113 Electric
Seed Sk-U 1 Crawler 148 18 8-330 ' Diesel
SK-33 Truck 200 13 0-133 Diesel
SK-ao Crawler 220 20 0-133 Diesel
ichram m Z f i - b Crawler 143 7 8-113 Diesel
| Ca2H-B Crawler 1') 7 0-113 Giesei
T4aH-B Truck 171 13 0-43 Diesel
C44H.0 Crawler 171 14 0-84 Diesel
T44-B T ruck 203 1* 0-84 Diesel
C44-B Crawler 200 14 0-84 Diesei
T9S3H-, Truck 200 19 0-84 Diesel
C9S3H Crawler 200 24 0-95 Diesel
C9120 Crawler 220 24 0-93 Diesei
Por tadn ll ; TC-iii Truck 558 ...... if  1 0-143 Diesel
TM4 Truck 200 20 0-180 Diesel
CM4 Crawler 200 23 0-180 Diesel
As i n d i c a t e d  in T a b le  4 . 2 ,  th e  u n ia x i a l  c o m p r e s s i v e  s t r e n g t h s  o f  
o v e r b u r d e n  s t r a t a ,  t y p ic a l  of the Witbank A rea ,  range from 61 MPa 
( s i l t s ton e )  to 136 MPa (sandstone). To ensure th a t  the s e le c te d  drilling  
u n it  c a n  dril l  in a ll  k in d s  o f  r o c k  to  be e n c o u n t e r e d ,  i t  w i l l  be 
n ece ssa r y  to s e l e c t  the rock type in the  proposed o p en cast  l im its  w ith  
the h ighest  com p ress ive  strength  as the  basis o f  design .
T h e t o t a l  a n n u a l  d r i l l  p r o d u c t io n  r a t e  is a l s o  d e p e n d e n t  o n  t h e  
fo llow in g  factors:
Drill p a ttern s
Drill ava ilab il i ty  and u ti l izat ion
(a) Drill P attern s
The b a s i c  equations (Explosives Today, 1972) to d eterm in e  the  
drilling pattern  for a given powder factor  are as fo llows:
4 . 4
4 . 3
Where B = Burden (m etres)
S = Spacing (m etres)
r * Ratio  o f  ch arge  length  to bench
height -  normally 0,5  
H = Bench h eigh t  (m etres)
L = Charge length  (m e tr es)
Me * Explosive ch arge  d en s ity  (g /m )
k = Powder fa c to r  ( g / m 3)
X « Explosive d en sity  ( g /c c )
D = Bias th o le  d ia m e te r  (mm)
From  e q u a t i o n s  4 .4  and 4 .3  t h e  r e q u ir e d  d r i l l  p a t t e r n  for  
v a r io u s  b l a s t  h o le  d i a m e t e r s  c a n  be c a l c u l a t e d  to obtain a 
given powder factor .
x S = r. Me
k
and Me = XD%
U 7
If it is assum ed that slurry ex p lo s iv es  will be used a t  a d en sity  
o f  1,15 g / c c ,  the r e sp e c t iv e  drill patterns  for the various drill 
s i z e s  to  y i e ld  a p o w d e r  f a c t o r  o f  0 ,5  k g /B C M  w i l l  b e  a s  
ca lcu la ted  in Table 4.4.
TABLE 4.4
DRILL PATTERNS FOR DIFFERENT DRILL SIZES 
TO YIELD A POWDER FACTOR OF 0,5  K;;/BCM
DRILL HOLE DIAMETER (mm)
PARAMETER 152 250 311
r 0 , 6 0 0 , 6 0 • 0 ,6 0
X 1 ,1 3 1 ,1 3 1 ,1 3
D 2 23 104 62 500 69  721
k 500 500 500
B x S 2 5 ,1 1 6 7 ,9 0 1 0 5 ,1 0
B (m) 3 7 ,9 0 9 ,8 0
S (m) 3 8 ,6 0 1 0 ,8 0
(b) Drill A vailab ility  and U ti l iz a t io n .
A v e r y  im p o r t a n t  f a c t o r  to  be c o n s i d e r e d  when ca lcu la t in g  
e -u ip m e n t  requirem ent is the  a ctu a l  operating  t im e  o f  the  unit.  
T h is  o p e r a t in g  t im e  is dep en dent  on m achine ava ilab il i ty  and 
m achine u t i l iza t ion .
The f o l lo w in g  e q u a t io n s  c a n  b e  u se d  to  o b ta in  the p ercen t  




% A v a ilab i l i ty T ■ ,M x 100% - ( 4 . 6 )  
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= a v a ila b le  op erat in g  time
= operatin g  delays
Annual Production R ates
By u s in g  t h e  r e s u l t s  o b ta in ed  in Table 4 .4  and form ulae  4.2;
4 .4  4.6 and 4.7 the annual production r a te s  fo r  the  d i f f e r e n t  
d r i l l s  under consideration  can be ca lcu la ted  as shown in Table
4.3
.2 Financial evaluation  
Drill Operating C osts
T he e s t i m a t e d  hourly operating c o s t  for th e  three drills  types  
under consideration  is presen ted  in Table 4 .6 .
The labour c o s t  listed  is based on a drilling crew  con sis t in g  of 
a drill operator and a helper as w e ll  as in d i r e c t  la b o u r  c o s t s  
such as supervision and holiday a l low an ces .
T h e u se  o f  e i t h e r  e l e c t r i c  or  d i e s e l - e l e c t r i c  p o w e r  fo r  
operating  the drill depends on the  nature o f  the  op eration .  It 
is highly recom m ended  th a t  e l e c t r i c  power be util ized  w hen the 
d r i l l  is  r e q u ir e d  to c o v e r  r e l a t i v e l y  short d istances  b etw een  
d ril l -hole  patterns s ince t h e  d i e s e l - e l e c t r i c  g e n e r a t o r  is  r o t  
r e q u ir e d ,  re p a ir  and overhaul c o s t s  are thus reduced and the 
current high c o s ts  o f  p etro leum  fu e l  are a v o id ed .  If, however ,  
t h e  d r i l l  is  to be m o v e d  o v e r  lo n g  d i s t a n c e s  b e tw e e n  drill 
p atterns ,  the savings g en era ted  w ith  the e l e c t r i c  drill m igh t  be 
o f f s e t  by the t im e renuired to ch an ge  the e l e c t r ic  fee d  cable




= P ossib le  ava i lab le  t im e
= M aintenance t im e




= ava ilab le  op erat in g  t im e
= operating d elays
Annual Production R a te s
By u s in g  th e  r e s u l t s  o b ta in e d  in Table 4.4 and form ulae 4.2;
4.4 4.6 and 4.7 the  annual production r a t e s  for  t h e  d i f f e r e n t  
d r i l l :  under consideration  can  be ca lcu la ted  as ,now n  in Table
Financial evaluation  
Drill Operating C o sts
The e s t i m a t e d  hourly operating c o s t  for the three drills types  
under consideration  is presented  in Table 4.6.
The labour cos t  l i s te d  is based on a drilling crew  con sis t in g  of  
a drill operator and a helper as well as  in d ir e c t  la b o u r  c o s t s  
such as supervision and holiday a l low an ces .
The u se  o f  e i t h e r  e l e c t r i c  o r  d i e s e l - e l e c t r i c  p o w e r  f o r  
operating the drill depends on the nature o f  the operation . It 
is highly recom m en ded  that e l e c t r i c  power be u ti l ized  when the  
d ril l  is  r e q u ir e d  to  c o v e r  r e l a t i v e l y  short d is tan ces  b etw een  
drili-hoi* paitern s  s in ce  th e  d i e s e l - e l e c t r i c  g - a e r a t o r  is  n o t  
r e q u ir e d ,  re p a ir  an d  overhaul c o s ts  are thus reduced  and the  
current high cos ts  o f  petro leum  fuel a r '  avoided . If, how ever ,  
the  d r i l l  is  to b e  m o v e d  o v e r  l^ng d i s t a n c e s  b e tw e e n  drill 
patterns,  the savings gen era ted  wit:, the e l e c tr ic  drill m ight be  
o f f s e t  by the t im e required to change the e l e c tr ic  feed cf.ble
50 .
TABLE 5 
ANNUAL DRILL PRODUCTION RATES
1 '
DRILL HO? F. SIZE (mm)
PARAMETER 152 250 311
Drill ho le  p attern  ( t >) 5 x 5 7,9  x 8,6 9,8 x 10,8
IE CM per m etre  ho.'e) 25 6 7 ,9 4 1 0 5 ,8 4
C om p ress ive  Strength
o f  R ock  (MPa) 156 156 156
Maximum p enetration
ra te  (m/h) 3 7 ,7 3 6 5 ,2 9 2 7 1 ,4
Ideal p en etrat ion
rate  (rn/h) 3 5 ,1 3 3 6 ,9 3 3 7 ,7 3
Hourly production
rate (BCM) 8 7 3 ,2 5 2 5 0 9 ,0 2 3 9 9 3 ,3 4
Possib le  available
t im e  per year (hours) 7200 7200 7200
% A vailab il ity 80 80 80
% U ti l iza tion 80 80 80
Operating  hours
per year 4602 4608 4608
Annual maximum  drill
production (BCM x 106 ) 4 ,0 5 1 1 ,56 1 8 ,4 0
TABLE 4.6
ESTIMATED HOURLY v_ PERATING COSTS FOR  
VARIOUS OVERBURDEN DRILL SIZES
DRILL SIZE
115mm 230mm 311mm
Labou. (R) 3,15 3,13 3,13
E lectric Power (R) 6,00 1,60 12,00
Repair: (R) 19,00 21,13 23,00
Bits (R) 21,10 11,66 36,30
Total hourly operating
cost (R) 36,25 31,16 76,63
C apital cost (R) 380 000,00 976 000,00 1 300 000.00










(t operating cost (R) 67,13 63,73 93,02
Hourly Production 
R ates (BCM)







Unit drilling cost as 
% of lowest 332 112 100
or p r o v id e  an aux ia r y  m o v in g  u n i t .  F o r  t h i s  s tu d y  i t  is  
a s s u m e d  th a t  cv-iy e le c tr ic  power will be used to op era te  tne  
various drill Ui i t s  under in vest igat ion .
T h e  r e p a i r  and m a i n t e n a n c e  c o s t s  in c lu d e  r e p a ir s  d u e  to  
breakdowns as w ell as  those for p rev e n ta t iv e  m a inten an ce .
The re la ted  equ ipm ent cos ts  are a ca tc h a ll  group which include  
such  things as warehousing and s torage  c o s t s  o f  spare parts.
Drill b its  are the primary consum able  m ater ia l  c o s t  in drilling. 
Bit c o s t s  vary with the  type o f  f o r m a t io n  to  b e  d r i l l e d ,  t h e  
p u l ld o w n  p ressure  applied, op erator skill,  th e  type o f  bit used  
and the rotary sp eed  o f  th e  d r i l l .  B i t  c o s t s  a r e  e s t i m a t e d  
fr o m  a t y p ic a l  o p e r a t in g  m in e  w ith  s im i la r  rock types  and 
p rop ert ies  (Fourie, 1983).
Drill C apita l  C osts
D r i l l  c a p i t a l  c o s t s  are based on q uotes  re c e iv e d  from leading  
eq u ipm en t m anufacturers and include su c h  i t e m s  a s  d e l i v e r y ,  
er e c t io n  and com m ission ing  f e e s .  (Fourie, 1983).
TABLE 4.7  
INITIAL CAPITAL COST ESTIMATES - 
ROTARY DRILLS
DRILL SIZE UZmm 230mm 311mm
No. of units required 1 a 2
C apital cost per unit R3S0 COO R974 000 Rl 300 000
Total capital cost R2 900 000 R l 941 000 R2 600 000
Initial cap ital as 
% of lowest l a w 100% 133%
5 3 .
4 . 3  Conclusions and R ecom m en dation s























A N N U A L  P R O D U C T I O N  R A T E S  ( 8 C M  x 1 0 s )
FIGURE 4.8 
CAPITAL AND UNIT OPERATING COSTS
FOR VARIOUS DRILL SIZES
54.
From this figure it  is ev id en t  that th e  s m a l l  d r i l l in g  u n i t  ( 1 5 2  mm  
d ia m e te r  drill bit) has lim ited  application  in strip  mining op erat ion s  in 
the Witbank A rea. Tne o n ly  a d v a n t a g e  o f  t h i s  m a c h in e  is  t h a t  i t  
p r o v id e s  a s l i g h t l y  lo w e r  c a p i t a l  c o s t  for sm aller  mines w here the 
overburden stripping requ irem ents  are less  than 4 million cu b ic  m etres  
p er a n n u m .  This  sa v in g  is h o w e v e r  o u tw e ig h e d  by the higher unit 
o p eratin g  c o s t .
2 5 0  m m  r o t a r y  d r i l l s  a r e  in g e n e r a l  i s e  in t h e  W itban k  A rea  by 
various mining com p anies .  The operating c o s t  per cubic m e tr e  drilled  
is  s o m e  290%  l e s s  than that of  the 152 mm m achine and 12% more
than the unit drilling c o s t  o f  a 311 mm drill .
A s  a r e s u l t  o f  t h e  la r g e  dril l ing  ca p a c i ty  o f  the  311 mm unit,  this  
unit is only used on the very  large o p en ca st  m in es  and even  then, the  
l i m i t e d  n u m b e r  o f  units required for a s in g le  operation  can  result in 
se v e r e  production losses  due to  major drill breakdowns.
It is  t h e r e f o r e  recom m en ded  to s e le c t  250 mm rotary b la sth o le  drills
as they  provide the mining operation  with  g re a ter  f lex ib il ity ,  re liab il i ty
and will m in im ize  drill m oves  from one drilling area  to an other .
These units can be s e le c te d  to provide up to 65 000 kg o f  pull down 
f o r c e  w h i c h  is  m o re  th an  a d e q u a t e  fo r  p e n e t r a t i o n  o f  th e  hard  
sandstone and J l t s t o n e  layers  encountered  in the  Witbank C o a lf ie ld .
From this figure it is ev ident  th a t  t h e  s m a l l  d r i l l in g  u n it  ( 1 5 2  mm  
d iam eter  drill bit) has lim ited  applicat ion  in strip  mining op eration s  in 
the Witbank Area. The o n ly  a d v a n t a g e  o f  th is  m a c h in e  is  t h a t  i t  
p r o v id e s  a s l i g h t l y  l o w e r  c a p i t a l  c o s t  for sm aller m ines where the  
overburden stripping requ irem ents  are  less than 4 million cu b ic  m etre s  
p er a n n u m . This  s a v in g  is h o w e v e r  o u tw e ig h e d  by the higher unit  
operatin g  c o s t .
2 5 0  m m  r o t a r y  d r i l l s  a r e  in g e n e r a l  u se  in t h e  W itb an k  A rea  by 
various mining com p anies .  The operat in g  c o s t  per cub ic  m etre  drilled  
is  s o m e  290%  l e s s  than that o f  the 152 mm m achine and 12% m ore
than the unit drilling c o s t  o f  a 311 mm drill.
A s  a r e s u l t  o f  th e  la r g e  d ril l in g  ca p a c ity  o f  the  311 mm unit ,  this  
unit is only used on the very large  o p en cast  m ines and ev e n  then, the  
l i m i t e d  n u m b e r  o f  units  required for a s in g le  operation  can resu lt  in 
se v e r e  production lo sses  due to major drill breakdowns.
It is  t h e r e f o r e  recom m ended  to s e l e c t  250 mm rotary b lastho le  drills  
as they  provide the mining operation  with gre a ter  f lex ib i l i ty ,  re liab il i ty  
and will m in im ize  drill m oves from one drilling area  to another .
These units can be s e le c te d  to provide up to 65 000 kg of  pull down
f o r c e  w h i c h  is  m o re  th an  a d e q u a t e  for p e n e t r a t i o n  o f  t h e  hard
sandstone and s i l ts to n e  layers  en cou n tered  in the  Witbank C o a lf ie ld .
C H A P T E R  3
OVERBURDEN STRIPPING
3.1 Introduction
The c o n t i n u e d  i n c r e a s e  in c o a l  c o n s u m p t i o n  th rou gh ou t  the world, 
coupled  w ith  diminishing shallow coa l re serves ,  is forc ing  su r fa ce  mines  
to  g r e a t e r  d e p th s ;  c o n s e q u e n t ly ,  stripping operations are becom in g  a 
larger portion of the tota l  operating  c o s t  and are th e re fo r e  ever  more  
cr it ic a l .
H i s t o r i c a l l y ,  to  c o m b a t  in c r e a s i n g  c o s t s  and d e e p e r  d epths,  larger  
e q u ip m e n t  w a s  a u t o m a t i c a l l y  s e l e c t e d  a s  th e  " ob viou s"  s o l u t i o n .  
H ow ever ,  a more re liab le  and e f f i c i e n t  sy s tem  m ay con s is t  o f  sm aller  
e q u ip m e n t  th a t  h as  g r e a t e r  f l e x i b i l i t y  a n d  p r o v e n  p r o d u c t i o n  
c a p a b il i t ie s .
The s iz e  o f  som e stripping equ ipm ent,  particu larly  large draglines and 
stripping shovels ,  has reached a  p la trau  in the  last  10 y e a r s  b e c a u s e  
o f  t h e  e c o n o m i c s  o f  u t i l i z i n g  v e r y  la r g e  m a c h i n e s .  T h e m ain  
l im ita t ion s  appear to  be a lack o f  su itab le  a p p l ica t io n s  for t h i s  v e r y  
l a r g e  e q u i p m e n t ,  c o u p l e d  w i t h  l a c k  o f  f l e x i b i l i t y  an d  s e r io u s  
m ain ten an ce  and transport problem s. The e c o n o m ic  savings inherent in 
l a r g e r  m a c h i n e s  h a v e  b e e n  a t  l e a s t  t e m p o r a r i l y  o u t w e i g n e d  by  
operating problems.
It is  th u s  im portant, when se lec t in g  stripping m ethods and equipm ent,  
that all ty p es  and s iz e s  of availab le  eq u ipm en t be ca refu l ly  considered  
t o  i n c l u d e  c a p i t a l  and o p e r a t in g  c o s t  e s t i m a t e s  and lo n g  ra n g e  
e c o n o m i c  c o m p a r is o n  b e f o r e  c h o o s in g  t h e  " ob viou s"  m e t h o d  a n d  
equipm ent.
A la r g e  s e l e c t i o n  o f  m in in g  m e t h o d s  and a sso c ia ted  equ ipm ent are
a v a i l a b l e  fo r  o v e r b u r d e n  s t r ip p in g .  S in g h a l  ( 1 9 8 3 )  c o m p i l e d  an  
e q u ip m e n t  r a t in g  c h a r t  ( T a b le  5 .1 )  w h ich  c a n  b e  used as guide in 
se lec t in g  a l ter n a t iv e s  to be in vest iga ted  in m ore d eta il  for a s p e c i f i c  
project.
TABLE 5.1
EQUIPMENT RATING ; OVERBURDEN REMOVAL  
(SINGHAL. 1983)
--------------------------- 1—
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Overburden o v e r ly in g  th e  n u m b e r  4 c o a l  s e a m  t h a t  s e p a r a t e s  th e  
n u m b e r s  4 and 2 c o a l  seam s in the Witbank Area co n s is ts  o f  a hard 
sai dstone and carbonaceous s i l ts to n e .  The to ta l  th ickness ranges from  
6 m e t r e s  to m ore  than  40 m e t r e s  d e p e n d in g  on t o p o g r a p h y  and  
lo c a . 'z cd  geology.
By u s in g  th e  e q u ip m e n t  r a t in g  chart proposed by Singhal (1983) the  
fo llow ing  mining m ethods will be in vest igated :
Draglines
E lec tr ic  Shovels and Trucks  
Hydraulic E xcavators  
Bucket Wheel E xcavators
The first sect ion  of  this chap ter  deta ils  the various a sp e c ts  to consider  
when s e le c t in g  any of  these  mining m ethods and in the la t ter  sec t ion  
a f inancia l appraisal o f  the various m ethods proposed is presented .
5.2 D raglines
R a th e r  th a n  increasing the s iz e  of  draglines as has been p revalent in 
r e ce n t  years ,  the trend is  n ow  to w a r d s  r e f i n i n g  and im p r o v in g  th e  
ex is t in g  in te -m e d ia te  s iz e  m ach ines  and con stru ct in g  longer booms with  
sm aller buckets  to reduce c o s t ly  rehandle o f  spoil .  This is particularly  
true where deeper stripping is involved.
Dragline bucket s izes  range from  less  than lm ^  to  1 3 8 m 3  and b oom  
l e n g t h s  up to  122 m e t r e s .  T h e s e l e c t i o n  and s p e c i f i c a t i o n  o f  a
particular dragline for a particular applicat ion  has b e e n  t h e  t o p i c  o f
many tech n ica l papers and presen tat ion s .  (M ooney, 1979; Morey, 1979; 
Speake e t  a l ,  1977; S tew art ,  1982).
F ig u r e  5.1 (Bucyrus Erie, 1976) is a typ ica l d im ensional diagram o f  a
walking drag lin e ,  th e  m ajor  d im e n s io n s  b e in g  d e s i g n a t e d  by l e t t e r  
id en ti f ica t ion  as deta iled  in Table 5.2.
The primary oim ensions required for dragline se le c t io n  are:
%
Overburden o v e r l y i n g  th e  n u m b e r  4 c o a l  s e a m  t h a t  s e p a r a t e s  th e  
n u m b e r s  4 and 2 coa l scam s in the Witbank Area con s is ts  o f  a hard 
sandstone and carbon aceous s i l ts ton e .  The to ta l  th ickness ran ges  from  
6 m e t r e s  to m o r e  than  40 m e t r e s  d e p e n d in g  on t o p o g r a p h y  and  
lo c a l iz e d  geology .
By u s in g  the  e q u ip m e n t  r a t in g  chart proposed by Singhal (1983) the  
fo llow in g  mining m ethods will be in vest igated :
Draglines
E lec tr ic  Shovels and Trucks 
Hydraulic Excavators  
Bucket W heel E xcavators
The f irs t  sect ion  o f  this chap ter  d eta ils  the various a sp ec ts  to consider  
when se lec t in g  any o f  these  mining m ethods and in the la t te r  sect ion  
a f inan cia l  appraisal o f  the various m ethod s proposed is p resen ted .
3.2 Draglines
R a t h e r  than  increasing the s ize  of draglines as has been preva len t  in 
re ce n t  years, the  trend is  n o w  t o w a r d s  r e f in i n g  and im p r o v in g  t h e  
ex is t in g  in term ed ia te  s ize  m achines and con stru ct in g  longer boom s with  
sm aller  buckets to reduce c o s t ly  rehandle of  spoil .  This is particu larly  
true where deeper stripping Is involved.
Dragline bucket s iz e s  range from less than lm ^  t o  13&m3 and b oom  
l e n g t h s  up to 122 m e t r e s .  The s e l e c t i o n  an d  s p e c i f i c a t i o n  o f  a 
particular dragline for a particular applicat ion  has b e e n  t h e  t o p i c  o f  
many techn ica l papers and presen tat ion s .  (M ooney, 1979; Morey, 1979; 
Speake e t  al,  1977; S tew art,  1982).
F ig u r e  3.1 (Bucyrus Erie, 1976) is a typ ica l d im ensional d iagram of  a 
walking dragline,  t h e  m ajor  d im e n s io n s  b e in g  d e s i g n a t e d  by l e t t e r  
id en ti f ica t ion  as d eta iled  in Table 3.2.
The primary dim ensions required for dragline s e le c t io n  are:
FIGURE 5.1 
DIMENSIONAL DIAGRAM OF A 
WALKING DRAGLINE (BUCYRUS ERIE. 1976)
TABLE 5.2  
DRAGLINE DIMENSION TERMINOLOGY  
AS ILLUSTRATED FIGURE 3.1
LETTER CODE DIMENSION TERMINOLOGY
A Clearance Radius
e Operating Radius
c Boom Foot Radius
0 Clearance Height
E Boom Foot Height
Dumping Clearance
G Dumping Height
H Boom Point Height
3 Digging Depth
K Point Sheave Pitch Diameter
L Tub Diam eter
M Boom Angie
Dragline R each  
Cut Depth C apability  
Stacking Height  
Bucket C ap ac ity
The f i r s t  t h r e e  f a c t o r s  a r e  d ep en d en t  on the stripping m ethod  with 
a sso c ia ted  overburden c u t  depth , coal th ickness and proposed p it  width. 
The b ucket c a p a c i ty  is con tro lled  by the  planned coal production rate  
which in turn d ic t a te s  the required s tr ip p ing  r a t e ,  d e p e n d in g  on th e  
stripping ratio.
(a) Dragline dim ensions
There are tw o  main methods o f  obtaining the required dragline  
d im ensions,  th e se  being graphically  or by com p utation .
B o t h  u s e  t h e  " c u t  d ia g ra m "  or s im p le  r a n g e  d ia g r a m  as  
i l lustrated  in F ig u r e  3 .2  for  e i t h e r  a c t u a l  m e a s u r e m e n t  or  
derivations.
F ig u r e  3 .3  i l l u s t r a t e s  a p it  c r o s s  s e c t i o n  with the re levant  
g e o m e tr ica l  p aram eters  being labeled .
The param eters  used in the analysis  are:-
* Highwall slope w ith  the horizonta l  in
d egrees .
e * Spoil p ile  slope with  the horizontal  
in d egrees .
D S Overburden depth
OR a Dragline operating  radius
p • Dragline positioning
RF • Dragline reach factor
s a Spoil p ile swell factor
w e Pit width
h ■ Height o f  the spoil pile peak above  
the top surface  o f  the coal
T m Coal th ickness
COAL OEPOSfT - /
FIGURE 3.2 
SIMPLE SIDE CASTING CUT DIAGRAM  
OR RANG E DIAGRAM (BUCYRUS ERIE. 1976)
C O A L  D E P O S I T
FIGURE 5.3
SIMPLE SIDE CASTING RANGE DIAGRAM SHOWING 
RELEVANT GEOMETRICAL PARAMETERS
By using the sim ple castin g  range diagram  indicated  in F ig u r e  
5 .3 ,  B u cy r u s  Erie (1976) ca lcu la ted  the reach  fa c to r  (RF) and  
the stacking height to be as follows:
Reach factor (RF) = D(1 + S) + W + D -  T — ( 5 . 1 )
Tan 0  4 TaryB Tan#
Stacking height = RF -  D c o t a -  T -  D ---------- ( 5 . 2 )
co t  -9
Bucket S ize
Having ca lcu la ted  the physical dim ensions o f  the dragline i t s e l f ,
the other equally im portant p aram eter to  be d eterm in ed  is the
bucket s iz e .  The bucket s iz e  or c a p a c i ty  is usually expressed  
in term s of "rated cub ic  m e tr e s " .  T h e r e q u ir e d  c a p a c i t y  is  
p r i m a r i l y  d e p e n d e n t  on t h e  p r o p o se d  c o a l  p r o d u c t io n  and  
overburden ratio , that is the ra te  at w hich  overburden must be 
stripped.
O n c e  t h e  s t r i p p i n g  r a t e  h a s  b een  e s t a b l i s h e d  th e  b u c k e t  
c a p a c ity  can be ca lcu la ted  using data for the fo llow ing  factors:
Dragline c y c le  t im e
Material sw ell  factor
Bucket fill  factor
Dragline scheduled operating  t im e
Dragline availab il i ty
Dragline u ti l ity
H a v in g  e s t a b l i s h e d  or e s t i m a t e d  t h e s e  f a c t o r s  t h e  b u c k e t  
ca p a c ity  can now be c a lc u la t e d  from  t h e  f o l lo w in g  fo r m u la :  
(Bucyrus Erie, 1976)
Bucket C apac ity  = Y x C x (1 * S) ----------- - ( 5 . 3 )
O x A x U x B







(bank cu b ic  m etres)
= C y c le  t im e  -  (seconds)
= Swell factor  -  (d ec im al fraction)
= Dragline availab il i ty  -  (dec im al fraction )
= Dragline U ti l iza t ion  -  (dec im al fraction)
= Bucket fill  fac tor  -  (dec im al fraction)
O perating t im e per year (seconds)
(c) Dragline se le c t io n
The two previous sec t ion s  have outlined  the ca lcu lat ion  o f  the 
param eters n ecessary  to m ake the m ach ine s e l e c t i o n .  B e f o r e  
this can be done, the fo llow ing  fa c to rs  m ust also be taken into  
a c c o i n t .
Maximum suspended load o f  dragline  
Bucket weight
R ela t ive  density  o f  overburden m ater ia l  
to be stripped.
A la r g e  r a n g e  of  d r a g l in e s  a r e  a va i lab le  as i l lustrated  in Table 5.3  
below . This l ist  only represents  the r a n g e  o f  m a c h in e s  s u p p l ie d  by  
Bucyrus Erie, while o ther  m anufacturers such as Marion, Harnischfeger  
and Rapier supply s im ilar units.
T h is  m a c h in e  s e l e c t i o n  did not take any a cc o u n t  o f  digging depth  or 
dumping h eigh t.  In general these  factors  are l e s s  c r i t i c a l .  A f in a l  
s e l e c t i o n  p r o c e d u r e  w ould  be m uch more d eta iled  and, as such, too  
lengthy  to  be fully d iscussed  in this p resen ta t ion .  V ariou s  c o m p u t e r  
p r o g r a m m e s ,  d e v e lo p e d  by mining com panies and consulting en gineers  
are availab le  to ass is t  the mining en g in eer  in s e l e c t i n g  a p a r t ic u la r  
m achine for a sp ec if ic  operation . (Brian, 1978; Fluor, 1981).
TABLE 5.3
STANDARD MACHINE SELECTION TABLE - DRAGLINES
- s z m u c z -------------
NUMBER




flP E R .V n N G
RADlUS(m )
S T T Z h ■
FA CTO R (m; LOAD(kgJ
SOO-W with 12m tub
1 39 33 33 4 3 ,6 31967
2 39 30 37 4 5 ,2 36700
3 67 33 61 3 1 ,3 32160
% 67 30 64 3 4 ,6 49193
3 73 33 67 3 7 ,6 47627
6 73 30 70 6 1 ,3 43360
7 11 33 72 6 2 ,8 43 ICC
S 11 30 76 6 6 ,4 40100
1260-W with 13m tub
9 69 30 66 34,1 16110
10 72 34 66 3 4 ,: 56110
i ; 72 30 61 1 6 ,1 11430
12 79 31 61 3 6 ,1 11630
13 79 30 73 6 3 ,2 72370
I t 17 31 73 6 3 ,2 72370
13 17 30 11 7 0 ,0 31970
1300-'* w ith 13m tub
16 72 34 66 34,1 102000
17 72 30 61 3 6 ,1 97300
11 79 31 61 3 6 ,1 97300
19 79 30 73 6 3 ,2 81430
20 17 31 73 b 3 ,2 S ltlO
21 17 30 11 7 0 ,0 11630
13 3 0 -W with 16m tub
22 11 31 73 6 1 ,6 101162
23 17 30 14 7 2 ,3 93230
2 t 17 31 71 6 3 .5 102:00
23 92 30 19 7 7 ,1 90700
26 92 31 12 7 0 ,0 97 320
27 91 30 94 1 1 ,7 13900
21 91 31 16 74.1 92900
1370-W w ith 11m tub
29 11 31 73 6 0 ,2 140600
30 17 30 14 7 1 ,2 127000
31 17 31 71 6 4 ,3 132300
32 92 31 12 6 1 .« 129300
33 92 31 52 6 5 ,* 129300
34 91 30 96 3 0 .3 113400
33 91 31 16 7 2 ,7 124700
1300-W w ith  :9 m  tub
>6 11 31 73 39m l 130000
37 17 30 14 7 0 .0 136100
31 17 31 19 7 4 ,6 129270
19 92 30 12 6 7 ,3 140600
60 92 31 12 6 7 ,3 160600
61 91 30 94 7 9 ,2 122300
42 91 31 1C 7 1 .6 133500
1370-W with 20m tub
43 17 30 76 6 9 ,3 .70100
44 17 31 77 6 2 .3  ' 111600
43 94 30 91 7 3 ,7 1363:0
46 94 31 14 6 1 ,4 170100
47 99 30 93 7 9 ,7
7 2 ,3 1
162900
1 99 31 17 1363C0
49 103 30 ICO 13.1 129CC0
30 103 31 92 7 6 ,9 14 3000
2360-W  with 20m tub
31 14 30 14 6 1 .6 192100
32 14 13 10 6 4 ,7 201900
33 14 31 77 6 2 .3 201730
34 90 30 19 7 3 ,5 111600
33 90 33 54 6 9 ,6 I903000
36
*>
31 12 6 6 ,1 197000
2 3 7 0 -W with 23m tub 
37 17 20 16 6 9 ,3 231CO
31 17 33 12 6 3 ,1 249330
39 17 21 79 6 2 .1 260500
60 94 30 93 7 3 ,7 213300
61 94 33 11 7 1 .3 226100
62 94 31 53 • • 2 :1000
63 .
5. 3 E lec tr ic  Rope Shovels
F o l lo w in g  th e  s a m e  tren d  as d r a g lin es ,  the  bucket s i z e  of  stripping  
shovels  has been  d e c r e a s in g .  The la r g e s t  e x i s t i n g  s h o v e l  is  a 138  
c u b i c  m e t r e  m a c h i n e  e r e c t e d  in 1 9 6 3 ,  y e t  t h e  l a r g e s t  u n i : 
m anufactured  s ince that t im e  is a  96m ^ s h o v e l  b u i l t  in 1969; t h i s  
represen ts  a reduction in cap ac ity  o f  31 p erc en t .
The s e l e c t i o n  o f  s h o v e l s  and t r u c k s  for  m o s t  m in in g  a p p l i c a t i o n s  
requires the determ in ation  of  numbers of  units  as well as unit s iz e .
Contrary to the se lec t io n  of  strip  mining eq u ipm en t,  no c o n s t r a i n t  is  
s u p e r im p o s e d  on the m achine dim ensions w ith  resp ect  to bank h eigh t,  
spoil area or spoil p ile  shape. The shovel dumping h e i g h t  and r e a c h  
are a function of  the truck dimensions and m ethod o f  operation , both  
o f  which can be s e le c te d .  The in itial shovel se lec t io n  p r o c e s s ,  t h e n ,  
e s s e n t i a l l y  depends on the required production. Thus th e  number and 
s iz e  o f  shovel units are f irst  determ in ed  with  which t h e  n u m ber and  
s iz e  of  trucks are m atched.
(a) D eterm ination  o f  the Required Num ber and C a p a c ity  of  Shovels  
Figure 3.4 is a typical shovel working dimension d iagr-m , the  
m ajor  d im e n s io n s  b e in g  d e s i g n a t e d  by l e t t e r  id e n t i f ic a t io n .  
Table 5.4 id en ti f ie s  the term in o logy  for the various dim ensions  
design ated  by the le t te r  cod e  in Figure 5.4.
Of all  these  d im ensions ,  t h o s e  o f  m o s t  s i g n i f i c a n c e  fo r  t h e  
m in e  o p e r a t o r  a r e  th e  d u m p in g  h e i g h t ,  d u m p in g  radius and 
operator's e y e  le v e l  which help  to d e sc r ib e  t h e  s i z e  o f  t r u c k  
t h a t  c a n  be lo a d e d ,  and t h e  m a x im u m  cu tt in g  height which  
helps d eterm in e  the bench height.
The se lec t ion  o f  s ize  and number of  shovels to sa t is fy  a g iven  
p r o d u c t io n  t a r g e t  is  a c o m p l e x  t a s k  and d e p e n d s  on t h e  
fo llowing factors:-
Maximum daily production required
%
SHOVEL WORKING DIMENSION'S (BUCYRUS ERIE, 1979)
67 .
TABLE 3.4
SHOVEL DIMENSIONS AS ILLUSTRATED IN 
FIGURE 5.4
CODE DIMENSION
A Dumping h e i g . f  -  m axim um
A l Dumping height at m aximum  radius -  Bj
B Dumping radius at  m axim um  heigh t  -  Aj
3 l Dumping radius -  m axim um
b 2 Dumping radius at  5m dumping height
D Cutting height -  m axim um
E C utt ing  radius -  m axim um
G Radius of  leve l  floor
H D igging  depth  below  ground le v e l  -  maximum
I C learan ce  height -  boom point sh eaves  ,
3 C lea ra n ce  radius -  boom  point sheaves
K C lea ra n ce  radius -  revolv ing  fram e
L C lea r a n c e  under fram e -  to ground
M C learan ce  height top of  house
Mi H eight  o f  A -fra m e
N Height o f  boom foot ab o v e  ground leve l
P D is ta n c e  -  boom foo t  to ce n te r  o f  rotation
S O verall width of  m achinery house and operator's cab
T C lea ra n ce  under lo w e s t  point in truck fram e
U Operator's e y e  leve l
%
6 8 .
Truck s iz e  and haul road profile  
Surge in the sy stem  
Shovel operating m ethod  
Overburden ch a ra c ter is t ic s
To translate  a required shovel c a p a c i t y  in t o  s h o v e l  s i z e ,  th e  
fo llow ing  factors  must be es t im a ted  or ca lcu la ted .
Digging hours per day or year  
Shovel work c y c le  
Dipper fill factor
M aterial ch a ra c ter is t ic s  and sw ell fa c to r  
Dipper factor
(i) C alculation  of  digging hours
In a g iv e n  p e r io d  o f  t i m e  th e  n u m b e r  o f  hours a scheduled  
shovel will a c tu a l ly  be digging and loading will be d e t e r m i n e d  
by the length of  any d elays .  D e lays  may be broken down into  
tw o  types; f ixed  and variable .
F i x e d  d e l a y s  a r e  k now n  as to  t y p e  and d u r a t io n  an d  are  
n orm ally  a r e s u l t  o f  m e t h o d  o f  o p e r a t i o n  or m a n a g e m e n t .  
Typical delays that can be c la ss if ied  under this heading are:
-  Shift  change over t im e
-  Lunch breaks
-  Lubrication
T h e v a r ia b le  t y p e  o f  d e la y  c a n  be a n tic ip a ted  but i t s  ex a c t  
o ccu rance  and duration is  u n p r e d i c t a b l e .  E x a m p le s  o f  su ch  
d e l a y s  a r e  t im e  sp e n t  w a i t in g  for  t r u c k s ,  tractor c lean -u p ,  
m oving th e  s h o v e l ,  c h a n g in g  t e e t h  and a d a p t e r s ,  o p e r a t i n g  
a d j u s t m e n t s  to  th e  s h o v e l s  and o t h e r  minor running repairs.  
The f o l lo w in g  s c a l e  (B u c y r u s  E r ie ,  1979)  m a y  be u s e d  in  
es t im at in g  the variable delay t im e for a shovel operation:




33% (50 m inutes/hour)
75% (&5 m inutes/hour)
67% (40 m inutes/hour)
Generally  a "good" value of  83%, or a 50 minute working hour, 
is taken as an e s t i m a t e  o f  s h o v e l  p e r f o r m a n c e ,  t h i s  f i g u r e  
b e in g  b a s e d  on a g o o d  m a t c h  b etw een  haul units and shovel  
and a good shovel working s y s te m  such as the double  b a c k -u p  
m ethod.
The s h o v e l  u t i l iz a t io n  can now be ca lcu la ted .  The u t il iza t ion  
then d escr ib es  the portion o f  the  availab le  t im e  that th e  shovel 
is a c tu a lly  digging.
The shovel work c y c l e
The work c y c le  o f  a shovel is defined  as the t im e required to 
make one co m p le te  c y c le  o f  d i g ,  s w in g ,  t r ip  t h e  d ip p e r  and  
return to the bank.
Table 5.5 i l lustrates  e s t im a ted  work c y c le  t im es  in secon ds for ' 
a range o f  Bucyrus Erie shovels .  The c h a r t  i n c o r p o r a t e s  th e  
three variables, maximum  suspended load at  the point sh eaves ,  
thovel boom length and m ater ia l  d iggability .  The sw in g  a n g le  
used in com piling this table, w as 90°
The other factors  which a f f e c t  the shovel work c y c le  are:
Suspended load
This I n c lu d e s  the dipper w eigh t  plus the w eight  o f  the loaded  
m ateria l .  As the su sp e n d ed  lo a d  i n c r e a s e s ,  th e  w ork  c y c l e  
t im e  in creases .
Diggability
This e x p r e s s e s  th e  r e s i s t a n c e  o f  th e  m ateria l to the dipper  
passing through the bank. D i g g a b i l i t y  m a y  be c l a s s i f i e d  as  
e a s y ,  m e d i u m ,  h a r d  or v e r y  h a r d .  F o r  t h e  f i r s t  tw o  
c l a s s i f i c a t i o n s ,  t h e  w ork  c y c l e  t im e  is  c o n s i d e r e d  to  b e
TABLE .5.5
ESTIMATED WORK CYCLE TIMES FOR DIFFERENT SHOVELS 
















1JJB 27 200 11,6 2 3 . S 23 .8 2 )  8 34.8
20 400 13 ,S 26.2 26 2 N.A. N.A.
1)38 38 600 12,6 26.3 26.3 30.3 33 .3
2) 300 17.2 2 ) . 0 2)  .0 N.A. N.A.
23 400 21,3 32.0 32.0 N.A. N.A.
2S0B 4) 100 >3,2 28.0 28.0 32.0 37.0
36 300 24 ,4 33.7 33.7 N.A. N.A.
2 )00 47 600 14,3 28.0 28.0 32.0 37.0
40 SCO 24,4 33.7 33.7 N.A. N.A.
2)3B 3) 000 13,2 30.0 30 .0 34.0 3) .0
32 600 21,3 32.0 32.0 N.A. N.A.
40 000 2 3 . ) 34 .0 34 .0 N.A. N.A.
Based on a 9<iJ swing arc. N .X  - not applicab.e
u n a f fe c te d  and is used as t h e  s t a n d a r d  b a s e  fo r  a s s i g n in g  a 
g iven  work c y c le .  For hard digging, 4 seconds is added to the  
work c y c le  and for very hard digging, an additional 3 s e c o n d s  
is added.
The dipper fill fac tor
In a d d i t io n  to  the work c y c le ,  the  d iggability  of  the m ater ia l  
also  a f f e c t s  t h e  f i l l  f a c t o r  o f  th e  s h o v e l  d ip p e r .  T h e  f i l l  
fac tor  is the ratio  of the actu a l  loose  cubic m etre s  loaded in 
the dipper to the dipper rated  c a p a c i t y .  T h is  f a c t o r  v a r i e s  
a c c o r d i n g  to t h e  ea s e  with which m ater ia l  will f low into the  
dipper.
An e s t im a te  o f  the typical f i l l  fac tors  that can be ex p ec ted  in 
various types o f  digging are as follows:
Easy digging  
Medium digging  
Hard digging  
Very hard digging
0,95  to 1,00  
0,90 to 0,95  
0,80  to 0 ,90  
0,70 to 0 ,80
(iv) Mater ia l  C haracter is t ics
W h en  d e t e r m in in g  th e  b u c k e t  s i z e  o f  a p a r t i c u la r  m in in g  
sh ovel,  the fo llowing m a te r ia l  c h a r a c t e r i s t i c s  sh o u ld  a ls o  be  
considered:
D en sity  of  rock  
Swell factor  o f  rock
S w e l l  f a c t o r  is d e f i n e d  as t h e  w e ig h t  r a t io  o f  a loose (or 
broken) cub ic  m etre  o f  m ater ia l  to  t h e  w e i g h t  o f  o n e  c u b ic  
m etre  o f  rock in-situ.
(v) Shovel and truck s ize  m atching
A s h o v e l ' s  p r o d u c t i v i t y  is a f f e c t e d  very l i t t le  by the  size  of  
the  trucks being loaded as long as the  tr u c k  c a p a c i t y  is n o t  
l e s s  than  t h r e e  t i m e s  th e  s h o v e l  d ip p er  c a p a c i ty  (based on 
physical and operational ex p er ie n c e )  and truck spotting  t im e is  
sm all.
T r u c k  s p o t t i n g  t i m e  c a n  be m in i m iz e d  by t h e  u s e  o f  a 
sh ovel/ truck  arrangem ent such as the double back-up system .
5.4 Hydraulic Excavators
In re ce n t  years, the use of hydraulic ex c a v a to rs  in mining applications  
has been Increasing. F ron t-end-loaders,  c a b le  s h o v e l s ,  and  h v d r a u l ic  
e x c a v a t o r s  a l l  h a v e  t h e ir  s t r o n g  and weak points in ac tu a l use and 
when choosing a p ie c e  of equ ipm ent,  the  mine operator m ust eva luate  
what kind of  equipm ent best su its his needs.
The main trend in hydraulic ex c a v a to r s  over th e  p a s t  f e w  y e a r s  h as  
b een  an in c r e a s in g  s i z e .  The t h r e e  l a r g e s t  a v a i l a b l e  m odels ,  the
O <3c K RH30C, the D em ag H241, (both West G erm any) anu the Poclain  
1000  ( F r a n c e )  h a v e  m a x im u m  b u c k e t  c a p a c i t i e s  o f  24, 71, and 16,8 
cu b ic  m eters ,  re sp ec t iv e ly .  These large m ach in es ,  c o u p le d  w ith  h igh  
s e l e c t i v i t y ,  m o b i l i t y ,  and b u c k e t  c o n t r o l  f e a t u r e s  c o m m o n  to  all  
hydraulic ex cavators ,  present a serious ch a lle n g e  to cab le  shovels .  The 
P uc H 2 2 0 0  (United S tates) ,  a new  m achine with  a m axim um  b ucket  
c a p a c i ty  o f  30,6 cubic m etres ,  will be the f ir s t  non-European hydraulic  
e x c a v a to r  in this large bucket c a p a c i ty  range.
Another im portant trend in hydraulic e x c a v a to r s  is the use of  e l e c t r i c  
p o w e r  a s  t h e  p r i m e  m o v e r  i n s t e a d  o f  d i e s e l  e n g i n e s .  T h is  i s  
particu larly  sign if icant in the larger m achines.  In m o s t  s u r f a c e  c o a l  
m ine applications the hydraulic excavator's  m o v em en t  during the work  
sh if t  is l im ited . Thus the laying o f  an e le c tr ic a l  cab le  from  the mine's  
p o w e r  s u p p l y  to  t h e  e x c a v a t o r  d o es  n o t  r e d u c e  t h e  m a c h i n e ’s 
f lex ib i l i ty .  As oil p r i c e s  c o n t i n u e  to r i s e ,  p o w e r  fr o m  e l e c t r i c i t y  
rather than d iese l  fuel will be an important c o s t  saving e le m e n t .
In p r a c t ic e ,  hydraulic shovels  are generally  used  when loading is done  
on the sam e leve l  as the m ach ine . Backhoes are com m only  used for 
loading from a leve l  low er than th a t  on which the m ach ine is rest ing.  
An im p o r t a n t  d i f f e r e n c e  b e tw e e n  hydraulic ex c a v a to rs  and front-end  
loaders and cab le  shovels is that when lo a d in g ,  t h e  d i r e c t i o n  o f  th e  
p enetration  force can be p rec ise ly  contro lled . The force  necessary  for 
d ig g in g  c a n  be a p p l ie d  In a d o w n -w a r d ,  h o r i z o n t a l ,  a n d  u p w a r d  
d irect ion  as il lustrated  in Figure 5.3 .
This enhances the s e le c t iv i ty  of  the  loading op eration .  In recen t  years  
th e  v i s i b i l i t y  from  th e  c a b  to f u r th e r  im p r o v e  tn e  a b i l i t y  of  the  
operator to use the hydraulic shovel as a p rec is ion  digging machine has 
b e e n  i n c r e a s e d .  The c o m f o r ;  o f  the operator has been a important  
design consideration.
Production E stim ates .
Th e lo a d in g  c y c l e  o f  a h y d r a u lic  excavator  is similar to that of an 
e l e c t r i c  rope shovel and there fore  the  sam e cr iter ia  used in se lec t in g
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FIGURE 3.3  
HYDRAULIC EXCAVATOR - DIG MOTION
7 4 .
a particular unit will apply.
3 .3  Front-end Loaders
A l t h o u g h  f r o n t - e n d  lo a d e r s  are  p r im a r i ly  u t i l i z e d  for loading coa l ,  
gravel,  rock or o th e r  m a t e r i a l s  in fo  t r u c k s  or h o p p e r s ,  t h e  la r g e r  
w h e e l  lo a d e r s  a v a i l a b l e  today are being u til ized  to strip overburden,  
particu larly  in shallow co v e r ,  which is o f ten  found in c o n t o u r  m in in g  
op erations.  The trem endous increase in power and w eight  o f  w heeled  
loaders has m ade their s u b s t i t u t io n  p o s s ib le  in th e  p e r f o r m a n c e  o f  
functions previously carried out by shovels ,  draglines and dozers.
D ue to its  v er sa t i l i ty  and high speed , the larger loader can be used in 
virtually  ev ery  phase o f  the stripping operation  e x c e p t  b lasting. It is 
com m on  today for the front end loader to handle overburden rem oval,  
the loading o f  coa l  trucks, clean up, road work, rec lam ation  and other  
funct ions,  a l.  during the sam e day and in one p it.  Its high speed  also  
e n a b l e s  it  to  roam  b e t w e e n  n e i r b y  p i t s .  The front-end-loader has 
o f f e r e d  n o t  o n ly  v e r s a t i l i t y  to  t h e  s u r f a c e  m in e ,  b u t  a l s o  h ig h  
p roductiv ity  and in many ca ses  reduced c o s ts  for the various functions ' 
it m ay be required to  perform .
T h e la r g e  w h e e l  l e a d e r  has e n a b le d  im proved  pit layout due to its  
a b il ity  to m ove overburden o v e r  g r e a t e r  d i s t a n c e s .  It h as  w i t h o u t  
d o u b t  im p r o v e d  c o a l  r e c o v e r y  th r o u g h  l e s s  degradation in  ^ i up 
work and the ability  to recover coal which o th erw ise  m ight h e e e n  
covered  up by the routine casting operations o f  shovels and d nes.  
R u b b e r - t i r e d  m a c h in e s  do n o t  s p a l l  th e  to p  o f  th e  c o a l  b . ' 
con tam in ate  It with dirt as do craw lers .
C osts  vary widely  from function to  function , even  in the sam e p it,  as 
c o n d i t i o n s  c h a n g e  r a p id ly ,  p a r t icu la r ly  the am ount and ch arac ie t  of  
rock in the overburden. Where tw o  types  of m achines provide sim ilar  
p r o d u c t i v i t y ,  t h e  o w n i n g  a n d  o p e r a t in g  e x p e n s e s  o f  e a c h  ty p e  
d eterm in e  the unit c o s t  d i f fer en ce s  in m aterial moved.
Loader tyre  co s ts  are o ften  the la r g e s t  v a r ia b le  w h i l e  th e  c o s t s  o f  
tracks and dozer com p onents  of  craw ler tractors vary the m o s t .  One 
is then o f te n  faced  with the old co s t  problem of  ty re s  v e r s u s  t r a c k s  
w h e n  a s s i g n i n g  or c h o o s in g  th e  m o s t  a p p r o p r ia t e  m a c h in e  for  a 
p a rt icu la r  job . In g e n e r a l ,  s o i l ,  c l a y  and o r d in a r y  s h a le  a r e  not  
d e s t r u c t i v e  to tractor com ponents;  under these con d itions  l i f e  is good  
and c o s ts  are favorable.  Massive sandstone can c a u s e  th e se  c o s t s  to  
in crease d ram atica lly .
Proper operator training, operator a t t i tu d e  and good housekeeping with 
a  loader working on a sm ooth  floor, such as th e  t o p  o f  a c o a l  b ed ,  
ca n  p r o v id e  g ood  tyre life  and low c o s t s .  This applies  regardless  of  
th e  overburden c o n te n t ,  even  if  m assive  coarse ly  b rok en  sar, f s t o n e  is  
e n c o u n t e r e d .  The l a t t e r  c o n d i t i o n  m a y  c a u s e  a sharp  i n c r e a s e ,  
h ow ever ,  in wear on buckets  and bucket t e e th .
The su ccess fu l  operator using w heel loaders as a prim ary stripping tool 
has learned som e key operating procedures.  Among th e se  are spending  
a l i t t l e  e x t r a  t im e  to get  a full bucket load b e fo re  transporting the 
m ateria l 200 to 300 m etres .  Carrying use bucket on e  m e t r e  o f f  th e  
grou n d  p r o v id e s  th e  g r e a t e s t  stabil ity  and the b e s t  visib il ity  for the 
driver. E fforts  made to prepare and m aintain  a good haul road and to 
k e e p  s p i l l a g e  c leared  away from the tyres ,  together  with som e extra  
e f fo r t  in p r e p a r in g  th e  bank w ith  b e t t e r  b la s t in g  p r a c t i c e s ,  a re  
rewarded with  increased  production and low er cos ts .
(a) Front End Loader S e lec t ion
A s for  th e  rop e  s h o v e l  and hydraulic e x c a v a to r ,  se le c t io n  of 
front end loaders for a particular operation  d epends on:-  
required production  
loader c y c le  t im e  
payload per c y c le  
required bucket s ize
Required production
The p r o d u c t io n  r a t e  o f  a w h e e l  lo a d e r  sh o u ld  e x c e e d  by a 
small margin the production c a p a b i l i t y  o f  t h e  o t h e r  c r i t i c a l  
units in the earthm oving  sy s te m ,  since the ava ilab il i ty  of  wheel  
loaders is normally lower than that of  o ther  loading equ ipm ent.
Loader C ycle  Time
C a te r p i l la r  (O ctober 1982) determ in ed  through their ex p er ien ce  
on various wheel loaders that basic c y c l e  t im e  o f  0 ,4 5  -  0 ,5 5  
m i n u t e s  a r e  consid ered  reasonable when hauling loose  granular 
m ateria l  on a hard, sm ooth  operating  su r fa ce .
M a t e r ia l  t y p e ,  p i l e  h e ig h t ,  and o t h e r  f a c t o r s  m ay  tend to  
e i th er  increase or reduce production.
The f o l lo w in g  va lu es ,  (Table 5.6) as d eterm in ed  by Caterpillar  
( 1 9 8 2 )  for  m an y  v a r ia b le  e l e m e n t s  a r e  b a s e d  o n  n o r m a !  
o p e r a t i o n s .  A d d in g  or su b:racting  any o f  the variable t im es  
from the basic c y c l e  t im e , w i l l  g iv e  t h e  a c t u a l  c y c l e  t i m e .  
Using the actual job conditions and the above  fa c to rs ,  the to ta l  
c y c le  t im e  can be es t im a ted .
Payload per c y c le
The r e q u ir e d  p a y lo a d  per c y c le  is d eterm in ed  by dividing the  
required hourly production rate  by th e  n u m b e r  o f  c y c l e s  p er  
hour.
"'u cket se lec tion
A f t e r  th e  required payload per c y c le  has been ca lcu la ted ,  the  
payload should be divided by the  l o o s e  c u b i c  m e t r e  m a t e r ia l  
w eight to determ in e  the am ount of  loose cubic m etre s  required  
per c y c le .
Therefore:
Bucket s ize  = Volume req u ired /cyc le  
Bucket fill factor
TABLE 5.6
FRONT END LOADER -  CYCLE TIME FACTORS
MINUTES ADDED (+) 
OR SUBSTRACRED (-)  
FROM BASIC CYCLE
MATERIALS
Mixed * 0 ,0 2
up to  3mm + 0 , 0 2
3mm to 20mm - 0 , 0 2
20m m  to 130mm 0 ,0 0
130mm and over + 0 ,0  d up
Bank or broken + 0 , 0 4  and up
PILE
C onveyor or D ozer  piled
3m and up
Conveyor or D ozer  piled
0 , 0 0
3 m or less + 0 ,0 1
Dumped by truck + 0 ,0 1
MISCELLANEOUS
Com m on ownership of  trucks
and loaders Up to -  0 , 0 4
Independently owned trucks Up to + 0 , 0 4
C onstan t  Operation Up to + 0 ,0 4
Inconsistent operation Up to + 0 ,0 4
Small larger Up to + 0 ,0 4
Frag ile  target Up to + 0 ,0 3
7 8
It is  im p o r t a n t  to  d is t in g u is h  b e t w e e n  t h e  v a r i o u s  b u c k e t  
r a t in g s  u se d  for  s p e c i f y i n g  f r o n t  end loader c a p a c i ty .  It is 
standard to use the 5AE b ucket rating.
SAEJ742 (O ct 1979) sp ec if ie s  that the addition o f  any auxiliary  
spill guard to p ro tec t  against  sp illage o f  m aterial which might  
in ju re  t h e  o p e r a t o r  w i l l  n o t  be in c lu d e d  in bucket  ca p a c ity
ratings. For buckets  with irregular shaped cuttin g  e d g e s  ( v e e
e d g e )  th e  s t r ik e  p la n e  sh o u ld  be d r a w n  a t  one-th ird  o f  the 
distance  of  the protruding portion of  the  cu ttin g  e d g e .  "Struck 
capacity" is defined as that volum e con ta in ed  in a bucket a fter  
a load is leve l led  by drawing a s t r a i g h t  e d g e  r e s t i n g  on th e
cutting  ed ge  and the back o f  the b u ck et.  "Heaped capacity"  is
a struck ca p a c i ty  plus that additional m ater ia l  that would heap  
on th e  s t r u c k  load  a t  a 2:1 angle o f  repose with the struck  
line parallel to the ground.
(b) A lternative  S elect ion  method
A n o t h e r  m e t h o d  o f  s e l e c t i n g  th e  right front end loader and
bucket to m e e t  production requ irem ents  is to u se  n o m o g r a p h s  , 
developed  by the Caterpillar Tractor C om pany (1982), presented  
in Appendix 3. This method is much quicker and e a s i e r  than  
th e  n o r m a l  c a l c u l a t i o n  b e c a u s e  i t  d oes  not require as many  
ca lcu la t ion s ,  y e t  the a cc u r a c y  is  a b o u t  t h e  s a m e  w i t h in  th e  
normal l im its  of input data.
3.6 Haul Trucks
In s e l e c t i n g  th e  a p p r o p r ia t e  f le e t  o f  haultrucks the mining engineer  
w ill need  to m ake a haulage study to  d e t e r m i n e  n o t  o n ly  t h e  m o s t  
s u i t a b l e  m e th o d  o f  hauling m aterial but a lso  the most e f f e c t i v e  and 
eco n o m ic a l  type of  equipm ent to use for the particu lar operation .
Apart from a wide range of  truck c a p a c i t ie s  from  which to s e le c t ,  the 
fo llow in g  d ifferen t  truck types must a lso  be considered  for a sp ec if ic  
applica t ion .
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(a) Rear dump-, bottom  dump and side dump trucks.
(b) M echanical drive versus e le c tr ic a l  drive.
In recen t  years, the an a ly tica l  m ethods used for the s e l e c t i o n  o f  th e  
v a r io u s  h a u la g e  units have undergone a considerable  ch an ge.  Several  
veh ic le  m a n u fa c tu re rs  and a f e w  o f  th e  m in in g  c o m p a n ie s  e m p lo y  
e l e c t r o n i c  d ig i t a l  com puter programs to carry out haulage stud ies  to  
d eterm in e  the optim um  truck s i z e  for  a s p e c i f i c  a p p l i c a t i o n .  The  
haulage com puter program s im u la tes  the travel  o f  the v eh ic le  over  the  
described  haul roads by ca lcu la t in g  in crem en ta l v e lo c i t ie s ,  trave l  t im e ,  
a n d  t h e  t r a v e l  d i s t a n c e s  f r o m  t h e  k n o w n  t o r q u e  v s .  s p e e d  
c h a r a c t e r i s t i c s  o f  t h e  v e h i c l e .  This i s ,  in  a s e n s e ,  a n u m e r ic a l  
in tegration  of  the vehicles' p erform an ce  and, o f  course,  varies for each  
and every  application. These t r a v e l  t i m e s  a r e  th e n  c o m b in e d  w ith  
ea s i ly  es t im a ted  fixed t im es such as loading, turning, dumping spott in g ,  
and any indicated  d elay  tim es,  resu lting  in a tota l  c y c le  t im e for the  
v eh ic le .  A typical exam p le  is included in Appendix 4.
Truck productiv ity  d e cr ea ses  as haul d istance  or travel t im e  in crea ses .  
F ig u r e  5 .6  i l l u s t r a t e s  th is  trend for truck s iz e s  o f  85, 120, 180 and ' 
210 tons.
A le v e l  haul profile has been used to con stru ct  this f igure, with truck  
speeds of  32 km per hour. If the  haul had been  on a d v e r s e  g r a d e s ,  
th e  r e la t io n s h ip  would remain th e  sam e but truck p roductiv ity  would  
d e cr ea se  more rapidly with  haul d is tan ce .
S t u d i e s  by B u cyru s  E r ie  (1 9 7 9 )  in d i c a t e  t h a t  th e  a v e r a g e  h o u r ly  
operating  c o s t  per ion  d e c r e a s e s  w i t h  an in c r e a s e  in  tr u c k  s i z e  as  
il lustrated  in Figure 5.7.
By in c o r p o r a t in g  t h e  c y c l e  t i m e ,  w h ich  is a function of  the travel  
d is tan ce ,  Bucyrus Eric (1979) derived  at  a r e la t io n s h ip  b e t w e e n  u n it  
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A m ost  in terest ing  a sp ec t  o f  this f igur;  is that the larger trucks only  
b e c o m e  ec on om ic  on long hauls or travel t im es  and in fa c t  the  sm aller  
unit (83 ton) is the  most ec o n o m ic  on f la t  hauls up to one k i lom etre  
in one d irection .
(a) Truck f l e e t  size
The n u m b e r  of haulage units required for a system  is perhaps 
the most d if f ic u lt  part o f  the sh o v e l / tr u c k  s e l e c t i o n  p r o c e s s .  
The factors  a f fe c t in g  this decis ion  are:
Total required production.
Production ca p a c i ty  per truck.
M echanical ava ilab il i ty  of  units.
Operating m ethod.
Synchronization o f  the en t ire  load,
haul and dump system  (sim ulation).
(i) Total required production
A s o u t l i n e d  in th e  s h o v e l  s e l e c t i o n ,  th e  s ize  of shovel,  the  
number o f  operating s h o v e ls  and t h e  s h o v e l  f l e e t  s i z e  m u s t  ' 
f i r s t  be c a l c u l a t e d .  Each operating  shovel requires a certa in  
number o f  trucks to keep  it occup ied  such that its  productive  
cap acity  or requirem ent can be ach ie v ed .  For a g iven  s ize  of  
truck, the number required will depend on the speed in which a 
co m p lete  c y c l e  can be com p leted .  The number of trucks to be 
operated per shovel is com m only  foun o  by d iv id in g  t h e  t o t a l  
c y c le  t im e  by the spot and load t im e .  This is referred  to as 
the sh ovel/ truck  m atch  number.
Match number = Total C y c le  t im e  
Spot and lead t im e
T he l e s s  v a r ia t io n  in th e  m e a n  t im e  for each  e n t i ty  of  the  
c y c le ,  the more valid or applicable is the m a tc h  n u m b e r .  If 
l o a d  t i m e ,  h a u l  t i m e  or d um p  t i m e  a r e  v e r y  e r r a t i c  or 
variable, then queueing o f  the trucks w iil occur s o m e w h e r e  in 
t h e  c y c l e .  As a r e s u l t ,  the actu a l shovel production will be
%
84.
le ss  than e s t im a ted .  To overcom e this s ituation , m o r e  t r u c k s  
can be used than is indicated  by the  m atch number. This will 
m a x i m i z e  t h e  s h o v e t  p r o d u c t i o n  b u t  w i l l  d e c r e a s e  t h e  
p r o d u c t iv e  ca p a c ity  of the haulage f l e e t .  A lter n a t iv e ly ,  more  
shovels  c*n be operated  with  less trucks w hich  d e c r e a s e s  th e  
productive ca p a c ity  of the shovels but m ax im izes  the haul f le e t  
p r o d u c t i v i t y .  F ig u r e  5 .9  is a t y p i c a l  i l l u s t r a t i o n  o f  t h e
relationship  b etw een  production rate  and the number of  trucks  
a s s ig n e d  to  t h e  s h o v e l .  To d e t e r m i n e  t h e  m o s t  e c o n o m i c  
o p e r a t in g  p o in t ,  th e  c o s t  o f  operatin g  the shovel and trucks  













PRODUCTION VERSUS NUMBER OF TRUCKS FOR 
ONE SHOVEL LOADING IN GOOD DIGGING
(BUCYRUS ERIE, 1979)
Truck Productiv ity
The productive ca p a c ity  of a truck is con tro lled  by the s ize  of 
the unit, load t im e , t r a v e l  t i m e  (haul c nd r e tu r n ) ,  d u m p in g  
t i m e  a n d  t h e  i n h e r e n t  f i x e d  and v a r i a b l e  d e l a y s  In th e  
operation .
Load Time
F or a g iv e n  s i z e  o f  tru ck  m a t c h e d  t o  a s h o v e l  o f  a given  
dipper ca p a c ity ,  the load t im e can  be c a lc u la te d  by:
Number o f  Passes * Truck C a p a c ity  (CY heaped as 2:1)
Dipper C ap ac ity  x Dipper Fill Factor
Load Time(min) = Passes x Work C yc le
60
The number of  passes must be rounded to  t h e  n e a r e s t  w h o le  
number.
Spot at  Loading Unit
A s s o c i a t e d  w ith  lo a d in g  is the t im e required for the haulage  
unit to spot in the loading posit ion . Table 5 .7  g i v e s  a v e r a g e  
values for the d if feren t  types o f  haulage unit and the operating  
conditions.
Travel Time
The travel t im e includes the t im e  required for the loaded truck 
to  haul from the shovel to the dum p  p o in t  and th e  t im e  to  
r e t u r n  e m p t y  f r o m  t h e  d u m p  p o in t  t o  th e  s h o v e l .  The 
m anufacturer provides a perform an ce  or gradeab il i ty  c h a r t  for  
each  of  its models based on w e ig h ts ,  gear ratios  and tyre data. 
F rom  th is  c h a r t ,  v e h i c l e  s p e e d  and b r a k in g  ra n g e  c a n  be  
d eterm ined .
The e f f e c t iv e  grade or gradeab il i ty  is def ined  as the ab il ity  of 
a veh ic le  to  r . e g o t n 'e  a given grade taking into a c c o u n t  both  
the physical grade of  the haul road and rolling res is tan ce .
TABLE 3.7
AVERAGE HAULAGE UNIT SPOTTING TIMES 
AT THE SHOVEL




BOTTOM DUMP  
TRACTOR-  
TRAILER
REAR DUMP SIDE DUMP  
TRACTOR-  
TRAILER
Favourable 0 ,1 5 0 , 1 5 0 ,1 5
A verage 0 ,5 0 0 ,3 0 0 ,  JO
Unfavourable 1,00 0 ,5 0 1 ,0 0
Turn, Spot and Dump Time
T u rn in g ,  s p o t t in g  and dumping t im e depends upon the type o f  
haulage unit and th e  sp ec if ic  operating cond itions .  As a gu id e ,  
a v e r a g e  v a lu e s  for  th e  d i f f e r e n t  t y p e s  o f  trucks under the  
indicated  conditions are shown in Table 5.8.
TABLE 5.8
AVERAGE HAULAGE UNIT TURN SPOT A ND 
DUMP TIMES




BOTTOM DUMP  
TRACTCR-  
TRAILER
REAR DUMP SIDE DUMP  
TRACTOR-  
TRAILER
Favourable 0 , 3 1 ,0 0 , 7
Average 0 ,6 1 ,3 1 ,0
Unfavourable 1 ,3 1 , 5  -  2 ,0 1 ,3
Operational D elay  Factors
To e s t a b l i s h  th e  p r o d u c t iv e  c a p a c i t y  o f  a h a u la g e  unit, an 
e s t im a t e  of the t im e s p e n t  a c t u a l l y  h a u l in g  m u s t  be m a d e .  
For a g iv e n  p er io d  o f  t i m e  ( s h i f t ,  d a y ,  e t c . ) ,  there will be 
operational d e lays  that r e d u c e  t h e  p r o d u c t iv e  c a p a c i t y  o f  a 
haulage unit. These de lays ,  as for the shovel,  can be c la ss if ied  
into two ca tegorie s:
Fixed d elays.
Variable delays.
Operating P ercen tage  Working
Conditions Working Time Minutes/Hour
E xcel len t  92% 55
A verage 83% 50
U nfavourable 67% 40
The p ercen tage  working t im e is  c o m m o n ly  know n a s  t h e  job  
e f f ic ie n c y .
Production C apacity  Per Truck
O n c e  tru ck  s i z e  (rating and cap acity ) ,  c y c l e  t im e , and actual  
operating t im es  are known the haulage unit productiv ity  can be 
c a l c u l a t e d .  This produc ‘iv i ty  can be ca lc u la te d  using one of  
three  m ethods,  with each  m ethod  having a d ist inct  m eaning or 
use:
T heoretica l  Productiv ity
T h e t h e o r e t i c a l  p r o d u c t iv i t y  is the tons or cubic m etre s  per 
hour p ro d u c ed  by an o p e r a t i n g  u n i t  i f  n o  d e l a y s  w e r e  
en cou n tered .  This im plies a 100% potentia l  which is rarely if 
ever ,  ach ieved .
Therefore:
Tons per Hour (TPH) = 60 x (Truck Rating) tons
(C y c le  Time)
Bank Cubic m etres  per Hour (BCM/hr)
= 60 x (Truck Rating)
(C ycle  Time) x (Swell Factor)  x (Density)
A verage Productivity
The average productiv ity  is the tons or cu b ic  m etres  per hour 
produced by an operating unit ta k in g  in t o  a c c o u n t  f i x e d  and  
v a r i a b le  d e la y s .  Th is  r a t e  sh o u ld  be applied  to the  desired  
period of  t im e (shift ,  day, e t c . )  to  e s t im a te  to ta l  production.
Where
U Unit o f  t im e (Say 8 hours)
D Fixed  delays (hours)
E Job e f f ic i e n c y
TR Truck rating (tons)
C = C y c le  t im e (minutes)
M = M aterial density  (tons/bank cu b ic  m etre)
SF Swell factor
Peak Productiv ity  per Hour
The peak p roductiv ity  per hour is the tons or cub ic  m etres  per 
hour produced by an operating unit taking into accoun t variable  
d elays  only. This rate would be used to d eterm in e  the numoer  
of  haulage units to be assigned to a shovel to a ch ie v e  a given  
required production.
TPH = 60 x (Job E ff ic ien cy )  x (Truck Rating)
(C yc le  Time) x (Swell Factor)  x (Density)
Truck M echanical A vailab ility
In g e n e r a l ,  th e  s t a t u s  o f  a h a u la g e  u n it  at any given t im e  
would be:
Operating
M ech an ica l/E lec tr ica lly  unavailable  
Spare
The t e r m  w ith  t h e  m ost  defin itions in the mining industry is 
"mechanical availability" . For purposes o f  c la r if ic a t io n ,  one of  
the m ost com m on defin itions will be used for this p resentat ion .  
M echanical availab il i ty  will thus be def ined  as the t im e  that a 
u n it  o f  e q u ip m e n t  is  o p e r a t e d  d iv id e d  by the total possible  
t im e  l e s s  sp a r e  t i m e .  S p a r e  t im e  is  r e m o v e d  f r o m  t h e  
c a l c u l a t i o n  on t h e  basis that had the m achine been operating  
in s t e a d  o f  s p a r e ,  th e n  t h e  s a m e  r a t i o  o f  o p e r a t i n g  a n d  
m aintenance dow n tim e would have been obtained.
90.
% Mechanical A vailab il ity  =
(Operating t im e + Operating delays)  x 100 
Total t im e  -  Spare t im e
S p a r e  t im e  on h a u la g e  u n i t s  or an y  e q u ip m e n t  m ay be the  
result of ab sen tee ism  in the scheduled  work fo rce ,  f lu c t u a t i n g  
m echanica l ava ilab il i ty  or planned.
As a general rule, the number o f  spare m echanica l ly  ava ilab le  
u n it s  n e c e s s a r y  to  m a in t a in  a r e q u ir e d  f l e e t  is 10% o f  the  
s c h e d u le d  u n i t s  to  be o p e r a t e d .  T h e s i z e  o f  t h e  f l e e t ,  
therefore,  may be ca lc u la te d  by:
Total Number of  U nits  (F lee t)  =
Required Operating Units  x 1.1 
M echanical A vailab ility
To c o n c l u d e ,  it  sh o u ld  be r e m e m b e r e d  t h a t  i f  the av er a g e  ' 
m echanical ava ilab il i ty  of  a truck f l e e t  is say 80% , t h i s  d o e s  
n o t  m e a n  t h a t  t h e r e  w i l l  a l w a y s  be S o u t  o f  10 t r u c k s  
m echanica l ly  ava ilab le .
C o n s i d e r  t h e  c a s e  o f  a tru ck  f l e e t  o f  10 t r u c k s  w it h  a 
m echanical and e l e c tr ic a l  ava ilab il i ty  o f  70%. The number of  
trucks availab le at any one t im e can be ca lcu la ted  by assuming  
th a t  the probability that the truck is o p e r a t io n a l  is e q u a l  to  
th e  o v e r a l l  a v a i l a b i l i t y  and u s in g  t h e  b in o m ia l  distribution.  
T tb le  5.9 l is ts  the individual probabilities for e a c h  n u m b e r  o f  




PROBABILITY OF AVAILABLE TRUCKS FOR A 
FLEET SIZE OF 10 AND A MECHANICAL  
AVAILABILITY OF 70%
NUMBER OF TRUCKS
PROBABILITY THAT AT LEAST THE 
STATED NUMBER OF TRUCKS ARE 
AVAILABLE 
(%)
10 2 , 8 2
9 1 4 ,9 3
8 3 7 ,2 8
7 6 3 ,9 6
6 8 3 , 9 7
3 9 3 , 2 7
4 9 8 ,9 4
3 9 9 ,8 3
2 9 9 , 9 9
1 1 0 0 ,0 0
0 1 0 0 ,0 0
MECHANICAL AND 
ELECTRICAL AVAILABILITY 7 0 %
I 2 3 4  5  6 7 8 9  10
N UM B E R  OF TRUCKS
TABLE M O
TRUCK AVAILABILITY HISTOGRAM
Table 5.9 presents the cu m u la t ive  p r o b a b i l i t i e s  for  th e  s a m e  
e x a m p l e ,  i .e .  10 trucks with a f le e t  m echan ica l and e le c tr ic a l  
a v a i l a b l i t y  o f  7 0 % . T h e r e  i s  o n l y  a p r o b a b i l i t y  o f  
a p p r o x im a t e l y  64% that 7 or more trucks will be op erational.  
T h e s e  f i g u r e s  b e a r  o u t  t h e  p r e v i o u s  s t a t e m e n t  t h a t  
a p p r o x im a t e l y  10% e x t r a  c a p a c i t y  is  required to ensure the  
ca lcu la ted  production.
F ig u r e  5 . 1 1 presents  a visual representat ion  of the cu m ulative  
probabilities.  It is in terest in g  to note  th a t  99% of the t im e 3 
or m o re  tru ck s  w i l l  be ava ilab le .  On the other hand, 1% of  
tne t im e ,  maybe 3 or 4 days per year, only one or tw o trucks  
will be operational.
MECHANICAL AND ELECTRI CAL 
AVAIL ABILI TY 7 0 %
75  -
5 0  -
o>  w
5 5 2 3  -
I !
H 0 2 3 4 5 6 7 8 10»
N U M B E R  OF TRUCKS
FIGURE 5.11 
CUMMULATIVE TRUCK OPERATIONAL  
PROBABILITY CURVE
5 . 7  F inancial Evaluation
To i l l u s t r a t e  the im portance of evaluating a lter n a t iv e  mining m ethods  
and e q u i p m e n t ,  a t y p ic a l  o p e n c a s t  o p e r a t i o n  w i l l  b e  a n a l y s e d ,  
con s is t in g  of  a single coal seam o f  4 m etres ,  over laid  by 30 m etre s  of
sandstone overburden. The basic assum ptions and p a r a m e te r s  u se d  in
the eva luation  are as follows:
(a) A l l  o v e r b u r d e n  m a t e r ia l  is assumed to have a swell o f  130%
for construction  of  dragline range d iagram s and to  d e t e r m i n e  
b u c k e t  loads Where re fere n c e  is made to overburden depths,
it  is  assumed that topsoil has been rem oved  by other m ethods.
N o a l lo w a n c e  is made for dragline spoil s tab il ity  as it re la tes  
to  spoil height.
(b) This ca lcu lat ion  assum es a pit of su ff ic ien t  length to e l im in a te
any operating constra in ts .  The pit width is assum ed to be 40
m e t r e s  in a l l  e x a m p l e s .  H ig h w a l l  s l o p e s  of  7 0 °  and spoil
s lopes  of  38° are used.
(c) Working Schedule: The equipm ent used in these  com parisons is
s c h e d u le d  on th e  b a s is  o f  7 4 1 6  h o u r s  p er y e a r ,  w h i c h  is
e q u i v a l e n t  to  309  w o rk in g  d a y s  a t  24 h ou rs  per day. For
dragline operations a to ta l  o f  8400 scheduled hours per year is 
u s e d ,  a s  e x e n r p t i o n s  w e r e  g r a n t e d  by t h e  o f f i c e  o f  th e  
Governm ent Mining Engineer to o p era te  these  units on a 7 day  
p er w e e k  b a s is .  O p e r a t in g  e f f i c i e n c i e s  o f  85% for dragline  
ex c a v a to rs  and 70% for shovels ,  hydraulic ex c a v a to rs  and front  
end loaders are used.
(d) For d r a g l in e s  an availab il i ty  of 85% is used and for all other  
eq uipm ent a fac tor  of  80% is assumed.
(e) The e c o n o m i c  c o m p a r is o n  is  b a sed  on th e  p resent value of  
operating  co s ts  and original in vestm en t,  in f l a t i o n  a t  10% and  
esca la t io n  at 10% per annum, and a 20 year in vestm en t period.
In all instances,  it is assum ed that the equ ipm ent c a n  be e r e c t e d  in 
two years .  Forty percen t  o f  the in vestm en t is arbitrarily assigned to 
the first year and 60 percen t  to th e  s e c o n d .  T h e e c o n o m i c  r a t in g  
il lustration  com pares the m ost desirable a lter n a t iv e ,  expressed  as 100, 
with the other a ltern at ives .
Operating cos ts  include labour and e l e c t r ic  power. No d ifferen t ia tion  
is  m a d e  for th e  v a r io u s  c l a s s e s  o f  la b o u r  b e c a u s e  it  is f e l t  th e  
accu racy  will not m ater ia l ly  a f f e c t  the resu lts .
An a llow an ce  of R3 000 per h ecta re  c o v e rs  those c a s e s  where dragline  
spoil p iles are crea ted  and m ust be le v e l led .  This is not intended to 
be the to ta l  reclam ation  c o s t ,  but only the  co s t  o f  levell ing  the peaks  
to a g e n t le  roll. Where spoil dumping is carried out by trucks, a co s t  
of  R2 500 per h ecta re  is used.
This analysis  covers the fo llowing mining methods:
Draglines
Shovels and Trucks
Hydraulic E xcavators and Trucks.
for  th e  fo l lo w in g  annual production rates: 5; 10 and 15 million cubic  
m etres  o f  overburden per year.
D e t a i l e d  c a lc u la t io n s  are presented  in Appendix 5 and sum m arized in 
Tab'e 5.10 below:
TABLE 3.10  
ECONOMIC RATINGS OF ALTERNATIVE
OVERBURDEN STRIPPING METHODS FOR 
VARIOUS ANNUAL PRODUCTION RATES







Annual production  
ra te  (BCM) 5 x 106 5 x 106 5 x 106
E conom ic rating 100 223 225
Annual production  
(BCM) 10 x 106 10 x 106 10 x 106
E conom ic Rating 100 258 261
Annual Production  
rate  (BCM)
15 x 106 15 x 106 15 x 106
Econom ic Rating 100 293 296
H Y D R A U LIC  EXCAVATOR
S H O V E L  I T R U C K
0 R A 3 L I N E S
AiYNUAL PRODUCTION R A T E S  ( BCM « 10*1
FIGURE 5.12
COST COMPARISON OF ALTERNATIVE MINING METHODS 
AT DIFFERENT PRODUCTION RATES
5.f, CONCLUSIONS AND RECOMMENDATION
F i g u r e  3 . 1 2  i l l u s t r a t e s  t h e  r e s u l t s  o f  t h e  e v a l u a t i o n  tudy as  
sum m arized  in Table 3.10
From this graph it is ev ident that even  if the in it ia l cap ita l  co s ts  to 
purchase d ra g lin es  a r e  h ig h e r  th an  t h a t  for  t h e  o t h e r  t w o  m in ing  
m e t h o d s ,  th is  a l t e r n a t iv e  p resents  a lower unit c o s t  per cub ic  m etre  
over the project l ife .
It is  a l s o  s i g n i f i c a n t  fr o m  th e  graph  th a t  d r a g l in e s  b e c o m e  more 
favourable than other m ining  m e t h o d s  fo r  la r g e r  an n u a l  p r o d u c t io n  
r a t e s .  This is  m a in ly  b e c a u s e  b o th  t h e  ro p e  shovel and hydraulic 
shovel m ethods depend on haultrucks to transport overburden from the 
fa ce  to the spoil p ile .  These trucks consum e large  quantit ies  o f  fuel 
which ca u se  operating  c o s ts  to in crease .
D r a g l i n e s  a re  c o m m o n ly  u sed  in t h e  W itban k  A r e a  for overburden  
s t r ip p in g  as  i l l u s t r a t e d  in F ig u r e  3 .13  and s h o u l d  t h e r e f o r e  b e  
c o n s id e r e d  as th e  b a s is  o f  design for ail o p en ca st  operations in this  
region.
FIGURE 5.13
POPULATION OF LARGE DRAGLINES IN THE WITDANK AREA
■COAL AND PARTING REMOVAL
6.1 Introduction
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CVAFTER 6
The f iv e  m a in  c o a l  s e a m s  o f  th e  W itbank Area are in con sisten t  in 
t h i c k n e s s  and th e  in d iv id u a l  s e a m s  a r e  o f t e n  s p l i t  by s a n d s t o n e ,  










Dull silly  cool
FIGURE 6.1 
GEOLOGICAL VARIATIONS WITHIN SEAM 2 
FROM WIRE-LINE % -% LOG. CORE TEST 
RESULTS AND BOREHOLE LOGS
I I
Sand s t o n e ,  white , coarse  grained  
Mudstone
COAL SEAM 4  UPPER
S i ! t s t on e , g re y  black
COAL SEAM 4  LOWER
Sandstone ,  grey to brown, very  
coars e  to f ine grained
FIGURE 6.2  
TYPICAL GEOLOGICAL SECTION OF SEAM 4
As result  o f  the inter relationship  b e tw e en  the various coal seam s and 
the interbedded parting it is im portant to s e le c t  a mining m ethod and 
the a ssoc ia ted  equipm ent that will e x c a v a t e  both the  c o a l  s e a m s  and  
the parting horizons su ccessfu lly  at an ec on om ica l  c o s t .
The largest  percen tage  of  coal produced in the Witbank A r e a  is  so ld  
to  c u s t o m e r s  w h o  r e r u l r e  s t r i c t  q u a l i t y  c o n t r o l  m e a s u r e s ,  and  
sp ec if ica t io n s  and size  grading of the final p r o d u c t  a re  t h e r e f o r e  o f  
utm ost  im portance.
In s e l e c t i n g  a p a r t ic u la r  m in in g  m ethod for the  various coa l seams  
(and parting horizons) the u lt im a te  aim is not on ly  the rem oval o f  the
0 , 5 5 m .
1 ,42m.
1,68m.
2 , 7 4 m .
coal a t  the low est  possib le cos t  but also the mining m ethod that will 
g en era te  the least  am ount ot fi-.es. The d if fer en ce  in the listed  price  
for 'B' grade coal on the  inland m arket for various p roduct  s i z e s  a r e  
p resented  in Figure 6.3 (Governm ent G a z e t te ,  D ec em b e r  1983). From  
this graph it can be seen  that the price  of  the larger product s iz e s  is 
s o m e  1 7 ,2 %  h i g h e r  t h a n  th a t  o f  th e  f in e  p r o d u c t .  This p r ic e  
d iffer en t ia l  tan have a marked e f f e c t  on the o v e r a l l  p r o f i t a b i l i t y  o f  
any mining project.
S I Z E  O F  P R O D U C T  ( M I L L I M E T R E S )
FIGURE 6.3
PRICE DIFFERENCE FOR DIFFERENT PRODUCT  
SIZES OF 'B' - GRADE COAL
The first sect ion  of this chap ter  i l lustrates  th e  i m p o r t a n c e  o f  in - p i t  
parting separation , followed by the various a sp ec ts  o f  coal breaking to 
he considered  before se le c t in g  a particular mining m ethod. F inally  the  
loader and coal haulage system  se lec tion  are  deta iled .
6.2 E conom ics of in-pit parting separation
The e c o n o m i c s  o f  in - p i t  parting separation  have been  assessed  using 
the in -seam  parting for Seam 4 as an ex a m p le ,  as i l lustrated  in Figure  
6.2.
The t o t a l  c o s t s  including mining, hauling and plant discard rehandling  
h ave been e s t im a ted  for the fo llowing tw o s itu ations:-
(a) m in in g  th e  4 upper seam , parting and 4 low er seam as three
separate  mining horizons and
(b) mining both seam s and the included parting as a single unit.
If it is assum ed that the parting has a variab le  th ickness  of 'V m etres
then the c o s t  per ROM ton for a ltern at ive  (a) above is
(0 ,77  + 0 ,1 9t) R a n d s ---------------------------------------------- ( 6 . 1 )
and for a ltern at ive  (b) is
(0 ,67  > 0 ,29t)  R a n d s --------------------------------------------- ( 6 . 2 )
as deta iled  in Appendix 6.
The b r e a k - e v e n  point in the two mining m ethods is therefore at that  
point where equation 6.1 is equal to equation  6.2
.'.  0 ,77  ♦ 0 ,1 9t = 0,67 * 0,29t
and t r 1,0 m etres,  as graphically  i l lustrated  in Figure 6.4
104.








—  SEPARATE MINING OF 
COAL a PARTINGS 
(NO WASHING COSTS)I BREAKEVEN 
(NO WASH COSTS)
5  0 ,5  -
PARTINGS THICKNESS ( t  m e t r e s )
FIGURE 6.4  
ESTIMATION OF BREAK-EVEN PARTING  
THICKNESS FOR SELECTIVE MINING
Similarly it can be proved fas indicated  in A p p e n d ix  6) th a t  i f  c o a l  
washing cos ts  are in c lu ctd ,  the maximum thickness  of parting that can 
be econ om ica lly  to lerated  in the ROM f e e d  to  t h e  w a sh in g  p la n t  is  
0,29  m etres .
The s e l e c t e d  coal and parting mining m ethods m ust therefore  also be 
cap ab le  of  mining thin layers successfu lly .
6.3 Coal Breaking
King e t  al (1 9 7 9 )  s t a t e s  that "in this country (South A fr ica),  one of 
the factors  inhibiting the use of  m a c h in e s  w h ic h  s im u l t a n e o u s ly  c u t  
and load  is  th e  h igh  s t r e n g t h  and a b r a s i v e n e s s  of the loca l coals .
Equipment designed overseas  principally for use in the United S ta te s  of  
A m e r i c a ,  th e  U n i te d  K in gd om  and Europ e w h e r e  c o a l  s e a m s  are  
generally  much weaker than h e r e ,  is  in m o s t  c a s e s  t e c h n i c a l l y  and  
e c o n o m i c a l l y  in fe r io r  to con ven tiona l South African working m ethods  
which make use of  exp los ives  to break the coal."
A lth o u g h  th is  s t a t e m e n t  by King e t  al (1979) applies to underground  
mining m ethod s and t h e  u se  o f  c o n t in u o u s  m in e r s ,  i t  c a n  a l s o  be 
applied to surface mining m ethods.
I n v e s t i g a t i o n s  b y  S t e f f e n ,  R o b e r t s o n  and K ir s t e n  (1 9 S 2 )  on the  
geo  technical properties o f  the Witbank co a l  s c a n s  i n d i c a t e  t h a t  th e  
m e a n  u n i a x i a l  s t r e n g t h  is  30 M Pa. S c h m id t  h a m m e r  t e s t s  and  
p en etrom eter  resu lts  by King e t  al (1979) indicate  values up to  68 and 
40 kN resp ec t iv e ly  as il lustrated  in Figure 6.5




















SCHMIDT HAMMER TESTS AND PENETROMETER RESULTS FOR 
NO 2 COAL SEAM (KING ET AL, 1979)
All th e se  results  and information indicate  th a t  b r e a k in g  o f  t h e  c o a l  
seam  by exp losives is required.
S imilarly, the ex cavatab il i ty  o f  the s i l ts to n e  and sandstone parting can  
be determ in ed  by using the c la ss i f ic a t io n  system  p rop osed  by K ir s te n  
( 1 3 8 2 ) .  R e s u l t s  f r o m  a g e o t e c h n i c a l  i n v e s t i g a t i o n  by S t e f f e n ,  
Robertson and Kirsten (1982) indicate  the  e x c a v a ta b i l i ty  in d e x  (N )  to  
be 1300 for s ilts ton e  and 5160 for sandstone partings, corresponding to 
e x tr e m e ly  hard digging conditions which will require b la s t in g  prior  to  
ex c a v a t io n .
To d e t e r m i n e  th e  o p t im u m  d ril l  s iz e  for sa t is fa c to ry  fragm entation ,  
the fo llow ing  form ulae apply (Cunningham, 1982).














Bench height (m etres)  
Charge length  (m etres)  
Powder factor  ( g /m 3) 
Explosive d ensity  (g /c c )  
Blasthole d iam eter  (m)
and X A(Q)-°»8 0  1/6 (113)2 /3  
Vo E






Mean fragm ent s iz e  (cm)
Rock factor  (-=6 for coal)
Explosive mass per blasthole (kg)
Volume broken per blasthole On3)
R ela t ive  w eight strength  of exp los ives ,  taking  
E = 100 for ANFO
107.
Table 6 .1  s u m m a r i z e s  th e  r e s u l t s  for  a 6 m e t r e  c o a l  s e a m  u s in g  
f o r m u la e  6 .?  and 6 .4 ,  w h e r e  A N F O  e x p l o s i v e  is  u sed  to  obtain  a 
powder factor  c-t 0,2 kg per cub ic  m etre .
TABLE 6 J













20 0,8  x 0,9m 2 7 ,8 13 432
40 1,7 x 1,8m 3 4 ,3 3 631
60 2,6 x 2,6m 3 9 ,3 1 644
73 3,2 x 3,2m 4 2 ,6 1 0X3
100 4,3 x 4,3m 4 6 , 9 600
123 3,4 x 3,4m 3 0 ,3 381
173 7,6 x 7,6m 3 5 ,3 192
200 8,7 x 8,7m 39 ,1 146
Figure 6.6 il lustrates  the  resu lts  obtained  in Tvble 6.1 above.
From this graph it can be seen that holes sm aller than 60mm d iam eter  
will not be considered feas ib le  a ltern at ives  for the fo llowing reasons:
The s m a l le r  th e  bias thole ,  the finer the product and this can  
resu lt  in e x c e s s iv e  fines which might not be a cc ep ta b le  to the  
consum er.
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H O L E  D I A M E T E R  ( M I L L I M E T R E S  )
FIG U RE 6.6
RELATIONSHIP BETWEEN DRILL HOLE SIZE, NUMBER OF HOLES 
AND ,1EAN FRAGMENTATION FOR COAL SEAMS
requirem ent is very  large; thus a large number o f  drilling units,  
each with  its own drilling crew  will be required.
If the average m oving and se t-u p  t im e  b e t w e e n  b l a s t h o l e s  is  
assumed to be 1 m inute, the total unproductive t im e gen era ted  
by a 2 0 m m  d i a m e t e r  d ril l  is  257  h ou rs  per  100 0 0 0  t o n s  
drilled, com pare to 6 hours for a 125 mm drill.
If, due to  w et conditions, w ater  res is tan t  slurry exp los ives  are  
u sed  a t  any  s t a g e  during th e  mining operation the exp los ive  
will fa il  to d e to n a te  in drillholes sm aller than 75mm d iam eter ,  
s in c e  th e  c r i t i c a l  d ia m e t e r  required for propagation is about  
75mm. (Clay e t  al, 1960)
On the other hand, large d iam eter  b lastholes  ( >  175mm) require  
drilling patterns w h e r e  th e  b urden  (or s p a c in g )  e x c e e d s  t h e  
b en ch  h e ig h t  or c o a l  th ickness. F ragm entation  will be along  
the line o f  least  r e s i s t a n t  and poor b la s t in g  r e s u l t s  w i l l  be  
exp er ienced .
The optimum drill hole s ize  -ange is thus b etw een  75 and 125 
n .m.
The f o l lo w in g  t a b le  s u m m a r iz e s  a f e w  m a c h in e s  th a t  w i l l  
satisfy  this requirem ent.
TABLE 6.2










Gardner -  Denver RDC -  16B 123 7 200 0 -  230
Gardner -  Denver GD -  23/33C 127 -  132 13 876 0 -  162
Ingersoll-Rand D am co 3000 140 8 636 70 -  373
Schramm C42 - B 140 6 681 0 -  113
Schramm C42H -  B 140 6 681 0 -  113
6 . 4  Coal and Parting Loading
A la r g e  s e l e c t i o n  o f  m in ing  m e t h o d s  and assoc ia ted  equipm ent are 
available  for coal loading and transport. Singhal (1983) c o m p i l e d  th e  
f o l lo w in g  e q u ip m e n t  rating chart  (Table 6.3) which can be used as a 
guide in se lec t in g  a ltern at ives  for any sp e c i f i c  project.
F rom  th is  t a b le  it can be seen  that shovels and hydraulic excavators  
provide the best a ltern at ives  in the re la t ive ly  hard seam s encountered  
in the Witbank C oalf ie ld  where fragm entation  is normally poor.
To eva luate  the two loading s y s t e m s  a t y p i c a l  d o u b le  se a m  m in in g  
o p e r a t io n  o f  a 42m  w id e  c u t  will be analysed consisting  of  a lower 
seam  i ,2  m etres  thick and an upper s e a m  o f  4 m e t r e s  t h ic k .  The  
s e a m s  a re  s e p a r a t e d  by a hard and abrasive shale layer, varying in 
thickness? from 0,6 to 1,2 m etres .  This is typ ica l of the No. 4 seam  
or 1 and 2 seam mining horizons.
TABLE 6.3  
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6 . 4 . 1  Shovel Loading Method
The s h o v e l  loading m ethod  con sis ts  o f  the fo llowing mining sequences
which is i llustrated in Figure 6.7
(a) The e n t ir e  w id th  of  the  top coal seam  is drilled and blasted
and loaded with  the shovel into coal haulers.
(b) The e x p o s e d  p a r t in g  horizon is then drilled and blasted . The
first  14m strip o f  the parting is side ca s te d  into the spoil pile 
void. Based on the boom c in e m a t ic  o f  the standard s ize  rope 
shovel,  it  is on ly  possible to  rem ove a 14m wide parting strip  
without repositioning the shovel.
(c) A fter  com p let ion  of  this 14m wide cu t ,  the bottom  coal seam  
is c lean ed  by m eans of  d ozers ,  drilled, b lasted  and loaded with  
the rope shovel,  fo  a ccom m od ate  the haul trucks, levell ing  o f  
the broken parting in the adjacent strip is required. As result  
of  the very thin b ottom  s e a m  (1 ,2  m e t r e s )  s t o c k p i l in g  w ith  
d ozers  will be required to g ive  better  bucket fill factors .
(d) This sequence is r e p e a t e d  fo r  th e  r e m a in in g  t w o  14m w id e
strips.
The d i s a d v a n t a g e s  or t h i s  mining m ethod are sum m arized as 
follows:
i  The mining width o f  42 m etres  is d eterm ined  from the
geom etry  o f  the dragline. R educing the stripping width
is not  p o s s ib l e  d u e  to the sp ace required by the rope
shovel and dumpers for e f f ic ie n t  operation .
i  L ead in g  o f  the  c o a l  ream  next to the broken parting
results in e x c e s s iv e  c o n t a m in a t .o n  d u e  to  th e  lo a d in g  
action o f  a rope shovel.
:  Due to the  high ground bearing pressure c f  the shovel,
its repositioning during the mining o f  the parting would
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disturb the s u r f a c e  ~f t i e  u n d e r ly in g  c o a l ,  c r e a t i n g  
additional f ine coa l .
6 .4 .2  Hydraulic Excavator Method
The hydraulic excavator  mining m ethod can be il lustrated  as shown in 
Figure 6.8.
(a) As for  th e  rope s h o v e l ,  the top coal seam  is drilled, blasted
and loaded into coal haulers.
(b) The 42 m etre  wide parting cu t  can be handled in only 2 strips
as the reach of the backactor type hydraulic ex c a v a to r  is much 
m o r e  than th a t  o f  the rope shovel.  The tear out and prying 
forces  of  this excavator  are X'O kN (Brueggemann e t  a l,  1983)  
which enable it to dig and lord unblasted or lightly fragm ented  
m ateria l .  The backactor a lso  o p err  ‘ e s  fr o m  th e  to p  o f  th e  
p a r t in g  horizon, therefore  reducing the possibility  o f  f ine coal  
generation  caused by the tracks of  the loader.
6.5 Advantages of Using the Hydraulic Excavator Loading Method
B r u e g g e m a n n  e t  al (1 9 8 3 )  i n t r o d u c e d  t h e  s y s t e m  o f  h y d r a u l i c  
ex c a v a to rs  on a large South African op encast  co a l  mine loca ted  in the  
Witbank Area and concluded that "the subsequent use of  the hydraulic  
ex c a v a to r  resulted in considerable savings in production c o s ts .  With a 
backhoe bucket cap acity  of  7,3m^, a tear out fo rc e  of 460 kN and a 
prying force  of 500 kN, the pattern o f  blasting could  oe extend ed  to a 
2 x 10m grid at 0,8m thickness of parting. This alone resu lted  in a 
70% saving of  drilling a^d blasting c o s ts  -  or about R350 000 a year.
Additional savings included:
coa l  contam ination reduced by 35% 
higher productivity,
®  I @
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auxilliary equipm ent reduced,
improved usage o f  spoil area due to bigger digging reach"
Singhal (1983) com pares equally  sized bucket rope shovels and hydraulic  
e x c a v a t o r s  as i l lu s tra ted  in Figure 6 ,9  and s ta te s  that "for a sim ilar  
s ize  o f  bucket the w eight  o f  a  power shovel is more than tw ic e  that  
of a hydraulic shovel.
B e c a u s e  o f  i t s  digging pattern a power shovel must lif t  its  com bined  
weight and payload a much greater  d istance  a f te r  cutting  fr e e .  This 
g e n e r a t e s  a m om entum  requiring a heavy  counterw eight  on the power  
shovel.
Unlike the shovels ,  hydraulic cylinders of  a hydraulic shovel can apply  
forces in two d irections giving hydraulic m achines their f lex ib il ity ;  the  
'wrist action' o f  this type o f  machine is very useful in s e le c t iv e  mining  
c o n tr ib u t in g  to  a r e d u c t io n  in d o w n s t r e a m  c o s t  o f  s c r e e n i n g  and  
processing."
-n.
#  B u c e e l  c a o e c n t  •  B ,c l te l  c a p a c ity
I S  -  # 2m ' 3 7 3 2m '
•  Operating w egnt •  Operating weight
170.0 ton 73 0 too
FIGURE 6.9
COMPARISON OF POWER SHOVEL AND HYDRAULIC  
EXCAVATOR WEIGHTS AND LOADING ACTIONS
6 . 6  Coal Transportation
T he m in ing  e n g in e e r  w i l l  be f a c e d  w ith  the n ece ss i ty  of  having to  
m ake a haulage study to d eterm ine not only the  most su itable  m ethod  
of  hauling coa l  from the working fa ce  to m e  discharge point, but also  
the  m ost e f f e c t i v e  and econom ica l type of  equipm ent to  u se  for  t h i s  
particular operation.
This chapter outlines a  general descrintion  o f  various types  of haulage  
units and their com ponents,  guidelines on the se lec t io n  o f  e q u ip m e n t ,  
m a t e r i a l  b o th  o p e r a t io n a l  and c o s t  wise to be accum u lated ,  and the  
n ecessary  re fe r e n c e  m aterial .
6.6.1 Truck;
The following types of o ff-highw ay haulage equipm ent are available .
Rear dump trucks : these  units having a body m ounted on the  
truck chassis  that is raised by means o f  an in tegra lly  mounted  
hydraulic hoist system  is the m ost popular type o f  rubber-tired  
haulage veh ic le .  It can haul m ost any type of  m ateria l but is 
generally  used to  h a n d le  h e a v y  and bu lk y  m a t e r ia l  su ch  a s  
blasted rock, ore , shale and other.
Within this type there are two d if fe r e n t  c la ss if ica tion s:
(i) T w o - a x le ,  w h e r e in  o n e  or both axles could  be o f  the  
driving type.
(ii) T h r e e - a x l e ,  w h e r e in  o n ly  the  rear two or bogie ax les  
drive.
Bottom  Dump Trucks : These units co n s is t  of a prime mover or 
tractor coupled with a sem itra iler  having drop-bottom  or c la m ­
s h e l l  d o o r s .  The trailer hopper is gen era lly  wider and deeper  
at the front to p lace more w e ig h t  on t h e  d r iv e  a x ie  and is  
wider at the top than at  the bottom  so that the sidr walls o f  
the trailer slope inwards.
1 1 8 .
It has been d e s ig n e d  t o  h a n d le  f r e e  f lo w in g  m a t e r i a l  s in c e  
large p iec es  of  -ock or other bulky m aterial might jam in the 
sm aller bottom  opening when the load is dumped.
In s e l e c t i n g  a coal hauling system , the f irst  step  is therefore
to d e c id e  b e t w e e n  a re a r  dum p tr u c k  and a b o t t o m  dum p
tr u c k .  The f o l lo w in g  in form ation  is intended as a guide for 
the engineer in th e  s e l e c t i o n  o f  t h e  m o s t  s u i t a b l e  t y p e  o f  
haulage equipm ent for the proposed application:
U.) Truck body s iz es
A ll  tru ck  m a n u f a c t u r e r s  furn ish  a s ta n d a r d  body s i z e  and  
configuration  for each  o f  their s p e c i f ic  m odels .  T h e s e  b o d ie s  
h a v e  an SAE body c a p a c i ty  rating in cubic m etres  struck and 
heaped at  a 2:1 slope.
In T a b le  6 .4  a c o m p a r iso n  of standard body sizes  for various
truck types and s izes  are  illustrated.
TABLE 6.4
TRUCK BODY SIZES (EUCLID, 1983; CATERPILLAR, 1983)
TRUCK BODY CAPACITIES (m 3)
PAYLOAD (tons) REAR DUMP  
TRUCK
BOTTOM DUMP  
TRUCK
35 2 3 ,3
4 3 ,4 34,1 •
77 ,1 3 1 ,3 -
91 3 4 ,7 100 ,0
109 6 5 ,4 12 1 ,6
15 4 ,2 | 98 ,0 167 ,7
%
The re la t ive  density  of  broken coal ranges rom 0 ,9  to 1,1 ton 
per cub ic  m etre (G eyser,  1933), resulting in under u til ization  of  
the rated payload ca p a c ity  i f  rear dump trucks are used.
If rear  dum p t r u c k s  a re  h o w e v e r  req u ired  to haul coal,  for 
som e sp ec i f ic  reasons, in order to perm it the h a u la g e  u n it  to  
handle its  rated load, it will be necessary to in crease  the body 
volume by the addition of  to p  e x t e n s i o n s  or s id e b o a r d s .  In 
m a n y  c a s e s  t h e s e  e x t e n s i o n s  a r e  n o t  o f f e r e d  by t h e  
m anufacturer as options and thus it b e c o m e s  the responsibility  
o f  th e  d is t r ib u t o r  or o w n e r  to p r o v id e  and insta ll  them at  
additional costs .
(b) Load Discharge Height
As m entioned, the generation  o f  fine co a l  should be lim ited in 
all a s p e c t s  o f  t h e  m in in g  o p e r a t io n ,  and th is  f a c t o r  m u st  
therefore  also be considered  when se lec t in g  hauling equipm ent.
The reduced height which the c o a l  lo a d  i s  d ro p p ed  by u s in g  
bottom  dump trucks is i l lustrated  in Table 6.5
TABLE 6.5
DISCHARGE HEIGHT FOR 154 TON TRUCKS
REAR DUMP BOTTOM DUMP
TRUCK TRUCK
Top o f  truck body (m) 8 ,2 5 m 3 ,9 6 m
Discharge height (m) 1 , 30m 0 ,8 1 m
Taking into account the ab ovem entioned  factors  of  tru ck  body  
c a p a c i t i e s  and load  d i s c h a r g e  h e i g h t s ,  b o t t o m  dump trucks 
should be considered as prime c o a l  h a u le r  for o p e n c a s t  c o a l  
mines in the Witbank Area.
(c) Truck s ize  and numbers
In s e l e c t i n g  the appropriate f le e t  o f  bottom  dump trucks, the  
sam e cr iter ia  as described in sect ion  5.6 o f  this project report  
apply.
6 .6 .2  B e lt  Conveyors
The dem ands of industry for handling m ateria ls  at higher rates and at 
reduced c o s ts  have had a v e r y  s i g n i f i c a n t  e f f e c t  on b e l t  c o n v e y o r  
tech n o lo g y .  Each com ponent comprising the conveyor system  has been  
continuously  im p r o v e d  th rou gh  d e s ig n  and m a t e r i a l s  t e c h n o l o g y  to  
e n a b le  p r e s e n t  c o n v e y o r  system s to operate  at  ever  increasing rates  
and re liab il i ty .  These techn olog ica l advances have t h e r e f o r e  e n a b le d  
t h e  b e l t  c o n v ey o r  to not only attain  a c c e p ta n c e  as a method for in- 
p la n t  m o v e m e n t  o f  bulk m a t e r i a l s ,  but a l s o  to  b e  u sed  fo r  lo n g  
d i s t a n c e  t r a n s p o r t a t io n  o f  bulk  m a t e r i a l s ,  p a r t ic u la r ly  in a rea s  of  
adverse  terrain.
T he in f o r m a t io n  c o n t a in e d  in t h i s  s e c t io n  of the Project R eport is 
i n t e n d e d  to  a s s i s t  t h e  M ining  E n g in e e r  to  m a k e  b a s i c  d e c i s i o n s  
r e g a r d in g  th e  use  and a p p l i c a t io n  of conveyor sy s tem s ,  because the  
design o f  an overland conveyor transportatiori s y s t e m  is s i t e - s p e c i f i c  
and requires more d eta iled  engineering design.
(a) C onveyor C ap ac it ies
O n e  o f  th e  m o s t  im portant factors in determ ining the proper 
s i z e  of  a conveyor system  is the rate  at  which m aterial m ust  
b e h a n d le d .  A lth o u g h  tables and charts  are available to the 
c o n v e y o r  d e s i g n e r  t o  a s s i s t  in  s e l e c t i o n  o f  c o n v e y o r  
c o m p o n e n t s ,  o n ly  the designer's knowledge of  the present and 
future operating requirem ents of the con veyor  sy s tem  an d  th e  
in terrelation o f  other process m achinery in the flow will enable  
him to establish  a peak rate  for handling m a te r ia l  w h ich  w i l l  
r e s u l t  in o p t im u m  e c o n o m y  and p e r f o r m a n c e  (Van Kleunen,  
19 6 8 ) .  For e x a m p l e ,  th e  re q u ir e d  an n u a l p r o d u c t io n  r a t e  
d iv id e d  by th e  s c h e d u le d  annual o p e r a t in g  hours  would not  
produce an h o u r ly  c a p a c i t y  on w h ich  th e  c o n v e y o r  s y s t e m  
s h o u l d  b e  b a s e d .  T h e  p r u d e n t  d e s i g n e r
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w il l  a l l o w  for r e d u c e d  o p e r a t in g  d a y s  d u e  t o  i n c l e m e n t  
w e a t h e r ,  e q u ip m e n t  downtim e, routir.^ m aintenance, and other . 
local factors  which may a f f e c t  the scheduled p lan t  o p e r a t io n .  
T h e m e a n s  by w h ic h  m a t e r ia l  is  b r o u g h t  to  th e  c o n v e y o r  
system  should also be considered  w hen  e s t a b l i s h in g  th e  p ea k  
conveyor cap ac ity .
C h a r a c t e r i s t i c s  o f  m a te r ia l  w h ich  a f f e c t  the se lec tion  of a 
conveyor System
(i) D e n s i t y :  S i n c e  t h e  c o n v e y o r  i s  a v o l u m e t r i c
transporting medium, the density  o f  the m ater ia l  b e in g  
h a n d led  g o v e r n s  th e  r e s u l t i n g  t o n n a g e  rat in g  of  the  
conveyor system .
(ii) Maximum lump size: M aterial lump s ize  may d ic ta te
the se le c t io n  of  a belt  width grea ter  than that needed  
to convey  the required tonnage. Material is u lt im ate ly  
loaded onto conveyors by m eans o f  a transfer ch u te  and  
skirtboards which d irect  the flow o f  the m aterial in the  
direction  of  belt  travel.  A g u id e  to  th e  r e la t io n s h ip  ' 
b etw een  lump size  and belt  width is shown in Table 6.6  
(Van Kleunen, 1968).
(Hi) S i z e  C o n s i s t :  S iz e  c o n s i s t  a f f e c t s  b e l t  w id th ,  belt
speeds and th e  s lo p e  on w h ic h  th e  m a t e r ia l  c a n  be  
lo a d e d  and c o n v e y e d .  The r e l a t i v e  absence of f ines  
reduces the predictability  of  m a t e r i a l  n e g o t i a t i n g  t h e  
s t e e p e r  c o n v e y o r  i n c l i n e s ,  p a r t i c u l a r l y  w hen  th e  
m ateria l "tails o ff"  a t  th e  end  o f  an o p e r a t in g  run.  
Coarse,  jagged m aterial w ithout fines should be handled  
a t  m o d e r a t e  s p e e d s  to  r e d u c e  b e l t  c o v e r  w e a r  a t  
conveyor transfers.
%
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As shown in Table 6.7, the g e n e r a l  ru le  is  to  r e d u c e  
belt speeds when the amount of f ines in the m ater ia l  a 
reduced.
TABLE 6.6
SUGGESTED MINIMUM BELT WIDTH IN RELATION TO LUMP SIZE 
DISCHARGE BETWEEN VERTICAL SKIRTBOARD5




BELT WIDTH (cm) 
76 91 107 122 137 132 113
MAXIMUM L j MP SIZE (cm) LONGEST LUMP DIMENSION ,
Idler Troughing Angle 20° • 30°
ROM Material not more than 
I'S maximum lump
2 : /* 13 20 21 33 41 41 33 61 61 11
Balance 1/2 max. lump, or le u 2 l /« 13 1J 20 23 30 33 41 46 31 61
Occasional Lump Any Troughing Angie
Not more than max. lump; 
balance 1/2 r a x .  lump, or ie u i 13 13 20 23 30 36 41 46 31 61
Cruiher Product, Longest 
dimension 3 1/2 10 13 11 23 23 30 36 31 43 33
Crusher Product, Fines 
Removed 4 10 13 13 20 23 21 30 33 31 46
Sized Material .rom Screening 
Operation 4 1/2 s 10 13 ll 20 23 21 30 33 41
t a b l e  6.7
MAXIMUM RECOMMENDED BELT SPEEDS (METRES PER MINUTE) 






BELT WIDTH (cm) 
76 91 107 122 137 132 183
Granular lines
Minus 2^mm lump 30J 122 13? 183 213 243 274 303 303 303 303
Occasional lump 10% belt width 274 122 132 183 213 229 243 274 274 274 274
Rountieo Pieces 244 91 122 1S8 198 198 213 244 244 244 244
Abrasive, Sharp 
Rounoed Pieces
213 91 122 132 183 198 198 213 213 213 213
200 91 122 137 132 168 183 198 198 138 198
Abrasive, not sharp 183 91 122 137 132 168 168 183 183 133 183
Abrasive, siarp 163 76 91 107 122 137 132 168 168 168 168
To_Reduce Breakage
Friable ores 132 76 91 107 107 122 137 132 132 132 132
Coal 122 76 76 91 91 107 122 122 122 122 122
Coke
To Reduce Dusting 
Heavy fines 




76 76 76 76 76 91 91 91 91 91
(iv) D egradation and O usting; F r ia b le  m a t e r i a l ,  l ik e  the  
coal m aterial from the Witba.ik Area, should be handled  
at  reduced sp eeds  if  degradation o f  t h e  m a t e r ia l  is a 
factor .
(c) Tynes of  Belt Conveyors
S e v e r a l  t y p e s  o f  b e l t  c o n v e y o r  c o n s t r u c t i o n s  h a v e  b een  
developed  to m eet  s p e c i f i c  applications. The proper s e l e c t i o n  
o f  a c o n v e y o r  c o n s t r u c t i o n  w il l  result  in m axim um  economy  
and operating e f f i c i e n c y .  The f o l lo w in g  t y p e s  o f  c o n v e y o r  
system s are avaTable:
Pre-engineered  conveyors
Conventional stringer and deck conveyors
Wire rope conveyors
Shiftable conveyors
R egen era t ive  con veyors
Compound conveyors
Cable conveyors
As r e s u l t  o f  th e  d y n a m ic  nature o f  the *  rking fa ce s  of an 
op en cast  mining o p era t io n ,  s h i f t a b l e  c o n v e y o r s  a r e  t h e  o n ly  
t y p e  o f  c o n v e y o r s  that need to be considered  in the Witbank 
Area for c o a l  t r a n s p o r t a t io n .  The d e s ig n  o f  t h e  s h i f t a b l e  
c o n v e y o r  e n a b le s  t h e  e n t i r e  c o n v e y o r  to be m oved laterally  
without dismantling any com p onent .  It is  mounted on s te e l  or 
t i m b e r  s k i d s  s e t  t r a n s v e r s e l y  to  t h e  c o n v e y o r  and in te r  
con n ected  by a sh ifting rail running the length  of  the  conveyor .  
The c o n v e y o r  is s h i f t e d  in a s e r i e s  o f  lateral s tep s  ranging 
from  1 ,5  to  2 ,0  m e t r e s  p er s t e p ,  d e p e n d in g  upon t e r r a in .  
L a t e r a l  s h i f t in g  is  usually done by using a trac't-type tractor  
f it ted  with a sp ecia l roller equipped sh ifting m echanism  w h ich  
locks onto the head o f  a shifting rail. (Dippenaar e t  al 1933).
To p r e v e n t  o p e r a t io n a l  i n t e r f e r e n c e  f r o m  o t h e r  m i n i n g  
a c t i v i t i e s  such  as o v e r b u r d e n  stripping, and parting -cm oval,  
the sh iftab le  conveyor system  can only be positioned at  surface  
e l e v a t i o n  e i t h e r  on the  h ig h w a l l  or s p o i l  p i le  s id e  o f  th e  
dragline cu t .  If it is p os it ion 'd  on the spoil side, levell ing  of  
t h e s e  sp o i l  p i le s  m u s t  t a k e  p la c e  as so o n  as possible a fter  
stripping. If the c o n v e y o r  is  p o s i t io n  a t  th e  h ig h w a l l  s id e ,  
a c c e s s  ram p s trorr th e  h ig h w a l l  will be required to link the  
conveyor belt  and the  coal producing fa ce s .
A p a r t  f r o m  th e  c o n v e y o r  s t r u c t u r e  i t s e l f  th e  fo l lo w in g  
additional equipm ent will be required:
Haul trucks to transport coa l  from the working f a c e  to  
a d isch a .g e  point.
(11) A c o a l  d i s c h a r g e  f a c i l i t y  such as a feeder-bt eaker or
m o b i l e  c r u s h e r  t h a t  w i l l  c r u s h  t h e  c o a l  t o  a n  
a c c e p ta b le  s ize  for t r a n sp o r ta t io n  by belt .
(ill)  Transfer points. As it will be unlikely that a straight
l in e  c o n v e y o r  s y s t e m  and la y - o u t  can. be m aintained ,  
transfer points m ust be provider ,  t h e r e  t h e  c o n v e y o r  
belt  chan ges  d irection .
(iv) Each conveyor belt  sect ion  will require s e p e r a t e  d r iv e
system s.
6.7 Conclusions and Recom m endations
S ta n d a r d iz a t io n  of  mining m ethods and equipm ent on any operation is 
o f  crim e im portance in an e f f o r t  to  r e d u c e  o p e r a t in g  c o s t s .  It is  
tnerefore  recom m ended that the hydraulic excavator  be considered  for 
so ft  overburden rem oval,  coal mining and p art ing  r e m o v a l .  This u n it  
has proved to lie e x tr e m e ly  su ccessfu l in thin layered m ater ia l  such as 
the coal seam s and parting horizons in the Witbank Area. The break­
out force  developed by the bucket arrangem ent and hydraulic cylinders  
a llow s low er  exp losive  powder f a c t o r s  to  be u se d  r e s u l t i n g  in c o s t  
s a v in g s  on d r i l l in g  and b la s t in g  and it  a l s o  has the  a d v a n ta g e  of  
r e d u c in g  th e  p o s s ib i l i t y  o f  c r e a t i n g  e x c e s s i v e  f in e  c o a l  w h ich  is  
u n accep tab le  as a final product.
A lth o u g h  v a r iou s  c o a l  t r a n s p o r ta t io n  s y s t e m s  are availab le ,  bottom  
durr. coa l  haulers st i l l  provides a p r a c t i c a l  s o lu t io n  a t  c o m p a r a b le  
c o s t s  and should  be c o n s id e r e d  as b a s is  o f  design for all op encast  
projects in the Witbank Area.
1 2 5 .
(i) Haul trucks to transport coal from the working face to  
a discharge point.
(ii) A c o a l  d i s c h a r g e  f a c i l i t y  such as a feeder-breaker or 
m o b i l e  c r u s h e r  t h a t  w i l l  c r u s h  t h e  c o a l  t o  a n  
a cc ep ta b le  s ize  for transporatation by belt .
(iii) Transfer points. As it will be unlikely that  a straight  
l in e  c o n v e y o r  s y s t e m  and la y - o u t  can be maintained,  
transfer points must be p r o v id e d  w h e r e  t h e  c o n v e y o r  
belt  changes d irection.
(iv) Each conveyor belt  sect ion  will require s e p e r a t e  d r iv e  
system s.
6 .7 C onclusions and R ecom m endations
S ta n d a r d iz a t io n  of mining methods and equipm ent on any operation is 
of  prime im portance in a a e f f o r t  to  r e d u c e  o p e r a t in g  c o s t s .  It is  
there fore  recom m ended th&i the hydraulic ex cavator  be considered for 
so ft  overburden rem oval, coa l  mining and p art in g  r e m o v a l .  This u n it  
has proved to be ex tr em ely  su ccessfu l in thin layered m ater ia l  such as 
the coal seam s and parting horizons in the Witbank Area. The break­
out fo rc e  d veloped by the bucket arrangem ent md hydraulic cylinders  
a llow s lower exp los ive  p ow der f a c t o r s  to  be u se d  r e s u l t i n g  in c o s t  
s a v in g s  on d r i l l in g  and b la s t in g  and it  a l s o  has the  a d v a n ta g e  of  
r e d u c in g  th e  p o s s ib i l i t y  o f  c r e a t i n g  e x c e s s i v e  f in e  c o a l  w hich  is  
u naccep tab le  as a final product.
/  I th ou gh  v a r io u s  c o a l  t r a n s p o r t a t io n  s y s t e m s  arc availab le ,  bottom  
dump coal h a J o r s  st ill  provides a p r a c t . c a l  s o lu t io n  a t  c o m p a r a b le  
c o s t s  and sh ou ld  be c o n s id e r e d  as  b a s is  o f  design for all opencast  




T h e bulk o f  South  A fr ic a 's  co a l ,  both for the  inland market and for 
various o v e r s e a s  u s e r s ,  is p r o d u c e d  from  t h e  w e l l -k n o w n  W itbank  
c o a l f i e l d .  During recen t  years som e very large op en cast  mines have 
been established  in this area and a number o f  projects are at present  
being evaluated  and planned by various mining com panies.  The author  
there fore  f e l t  the need to  p u b lish  th is  p r o j e c t  r e p o r t ,  n o t  o n ly  to  
iden tify  the various mining processes ,  but a lso  to highlight the need to 
i n v e s t i g a t e  a l t e r n a t i v e  s o lu t io n s  to  th e  p ro b lem  in an e f f o r t  to  
o p tim iz e  return on cap ita l  in vestm en ts .
South African mining regulations require t h e  r e m o v a l  o f  t o p s o i l  and  
s o f t  o v er b u rd en  to  a m in im u m  d ep th  o f  o n e  m e t r e  as  a separate  ' 
o p e r a t io n  and th e  u s e  o f  th is  m a t e r ia l  in r e h a b i l i t a t i o n  o f  t h e  
d i s t u r b e d  lan d . V ariou s  c l a s s i f i c a t i o n  s y s t e m s  to  d e t e r m i n e  the  
e x cavatab il i ty  of m aterial have been used in the past.  P r o b a b ly  th e  
m o s t  c o m m o n  b e in g  th e  r e la t io n s h ip  b e t w e e n  s e i s m ic  ve loc ity  and 
rippability as derived by the Caterpillar T ractor  C o m p a n y  (1 9 7 8 )  for  
the use in track dozer and scraper operations.  Due to the fac t  that 
other mining methods are  co m p e t i t iv e  to the  traditionally used dozer-  
s c r a p e r  m e t h o d ,  a d i f f e r e n t  ex c a v a ta b i l i ty  c la ss if ica t ion  system  was 
required. The system  proposed by Kirsten (1982) proved to c a te r  for 
all rock types, from the w eak est  soils to the hardest rock. By using 
this c lass if ica tion  sy stem , it  is ev ident  that the topsoil m aterial o f  the  
W itb a n k  A rea  can  be c l a s s i f i e d  as v e r y  s o f t  and t h a t  it  c a n  be 





The sandstones, shales  and s i l ts ton es  overlying the v a r io u s .c o a l  s e a m s  
are  r e l a t i v e l y  h ard ,  t h e r e fo r e  requiring d’ ill ing and blasting prior to 
stripping. To s e le c t  a suitable drilling u n it  t h a t  w i l l  g i v e  o p t im u m  
resu lts ,  one of the basic param eters ,o establish  is the rock properties  
to be encountered  during drilling operations. Test  work  by P r a i l l e t  
( 1 9 8 3 )  in d icated  that penetration rate is a function of  pulldown force  
on the drill bit, bit  d iam eter ,  bit rotation  speed and rock com p ress ive  
s t r e n g t h s .  The l a t t e r  b e in g  f ix e d  for  a g iv e n  m in in g  a r e a ,  drill 
se le c t io n  is there fore  dependent on the rock hardness and the  required  
p r o d u c t io n  r a t e s .  The 250  mm d i a m e t e r  r o t a r y  dril l ,  which is in 
general use in th e  W itbank C o a l f i e l d ,  p r o v e d  n o t  o n ly  to  b e  c o s t  
e f f e c t i v e ,  b u t  a l s o  p r o v id e s  th e  m in in g  o p e r a t io n  w ith  g r e a t e r  
f lex ib il ity  even for very high annual production ra tes .
As a r e s u l t  o f  ever  increas. g coal consumption throughout the world 
and diminishing shallow coal reserves ,  surface  c o a l  mines are forced  to  
m i n e  t o  g r e a t e r  d e p t h s ;  c o n s e q u e n t l y ,  s t r ip p in g  o p e r a t io n s  a r e  
accoun ting  for a larger proportion of  the to ta l  operating c o s t  and are  
t h e r e f o r e  e v e r  m o r e  c r i t i c a l .  H i s t o r i c a l l y ,  la r g e r  eq u ip m en t  was  
au to m a tica l ly  s e le c te d  to com b at  increasing c o s ts  and g re a ter  d e p t h s .  , 
H o w e v e r ,  a m o re  r e l i a b le  and c o s t  e f f e c t i v e  m in in g  s y s t e m  m ay  
con sis t  o f  smaller equipm ent that has g r e a t e r  f l e x i b i l i t y  and p roven  
c a p a b i l i t i e s .  This  p r o j e c t  r e p o r t  d e s c r i b e s  in d e ta i l  the se lec tion  
c r iter ia  to be fo llow ed  when se lec t in g  draglines, e l e c tr ic  rope shovels,  
f r o n t -e r .d  lo a d e r s ,  hydraulic excavators  and haultrucks for overburden  
stripping. By com paring these  a lternatives  for d if fer en t  annual stripping  
rates ,  it has been proved in this report that, in sp ite  of the fa c t  that  
the in itial capital outlay required for a d r a g l in e  o p e r a t io n  is  h ig h e r  
th an  t h a t  o f  th e  o th e r  m e t h o d s  considered , draglines still  provide a 
low er unit cos t  per c u b ic  me* e o v e r  t h e  p r o j e c t  l i f e .  It is  a l s o  
s i g n i f i c a n t  th a t  th e  s a v in g s  in a d r a g l in e  o p e r a t io n  b e c o m e  more 
s ig n i f i c a n t  w ith  in c r e a s in g  an nu al p r o d u c t io n  r a t e s .  T h is  can  be  
a t t r i b u t e d  to  th e  f a c t  th a t  the  o t h e r  m e t h o d s  i n v e s t i g a t e d  a re  
dependent on haultrucks for the transportation o f  overburden from the 
w o rk in g  f a c e  to the spoil pile area. These haultrucks consum e large
q uantit ies  o f  fuel which cau se  operating co s ts  to increase .
The coal seam s of  the Witbank Area are inconsistent in th ickness and 
the  individual seam s are o ften  sp l i t  by hard s a n d s t o n e ,  s i l t s t o n e  or  
s h a le  p a r t in g s .  As a r e s u l t  o f  t h i s  in ter-re lationship  b etw een  coal  
sea m s and in te r o e d d e d  p a r t in g  i t  is  im p o r ta n t  to  s e l e c t  a m in in g  
m ethod and the a ssoc ia ted  equipm ent that will ex c a v a te  both the coal  
seam s and th e  p a r t in g  h o r iz o n s  s u c c e s s f u l l y  a t  an e c o n o m i c  c o s t  
w it h o u t  c r e a t in g  e x c e s s iv e  f ines. An investigation  and sim ulation of  
the rope shovel and hydraulic ex cavator  loading m ethods in d icate  that  
t h e  h y d r a u l ic  e x c a v a t o r  has the potentia l to ex c a v a te  thin layers of  
m ateria l .  It also has the capability  o f  a higher b rea k o u t  f o r c e  than  
the rope shovel and provides the mine operator with a similar ca p a c i ty  
b ucket to the rope sh o v e l  but a t  a m uch  s m a l le r  m a c h in e  w e i g h t .  
These factors  com bined, make the hydraulic excavator  an ideal loading  
unit for both coal and parting horizons. An additional b en e f it  is the  
f a c t  th a t  it  can  be u sed  e c o n o m ic a l ly  to e x c a v a te  topsoil and so ft  
overburden. Standardization of  m ethods and equipm ent on any mining  
o p e r a t io n  is  o f  p r im e  im p o r t a n c e  in an e f f o r t  to reduce operating  
c o s ts .
A l t h o u g h  v a r i o u s  c o a l  t r a n s p o r ta t io n  s y s t e m s  a re  a v a i la b le  for  
delivering  coal from the working fa c e  to the d i s c h a r g e  p o in t  a t  th e  
p r im a r y  c r u s h e r ,  b o t t o m  dump coal haulers still  provides a p ractica l  
solution at  com p arab le  c o s t s  and sh ou ld  b e  c o n s id e r e d  a s  b a s is  o f  
design  for all op encast  projects in the Witbank Area.
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APPENDIX 1 
DETERMINATION OF VARIOUS INDIVIDUAL  
ROCK RATINGS TO DETERMINE RIPPA3ILITY AS 
PROPOSED BY KIRSTEN (1932).
The e x c a v a t a b i l i t y  index N is d e f in e d  by K i r s t e n  (1982) as
N = Ms RQD. 3s. (Jr), where
Jn 3a
Ms = Mass strength or con sis tency  number
P O P
a Block s ize  number
3s * R e la t iv e  ground structure number.
3r
Ja « 3oint strength number
This sect ion  deta ils  the ratings for the basic ch a ra c ter is t ic  param eters  
in the expression above to d eterm ine the e x c a v a ta b il i ty  index.
1. MASS STRENGTH OR CONSISTENCY NUMBER, Ms:
The f ive  point sc a les  for the con s is ten cy  of soils and rocks are shown  
in Tables A l . l ,  A l .2  and A 1.3 .  A f ive  point s c a le  similar to that for 
granular soils was developed by Kirsten (1982) for detritus as shown in 
Table A 1.4.
The five point sca les  for the d ifferen t  m aterial tynes are summarized  
together  in Table A1.5
The a v e r a g e  m ass  s t r e n g t h  n u m b e rs  g iv e n  in Table A 1.3 represent  
rounded o f f  p ro d u c ts  o f  t h e  r e s p e c t i v e  u n ia x ia l  s t r e n g t h s  and t h e  
c o e f f ic ie n t s  o f  relative density .
TABLE A l . l











Very loose Crumbles "ery eas ily  
when scraped with  
geo log ica l  pick
0 - 4 0 ,0 2
LOOS?: Small re s is tan ce  to 
penetration by sharp 
end of  geo log ica l  pick
4 - 1 0 0 ,0 4
Medium dense Considerable  
resistance to 
penetration by sharp 
end of  geo log ica l  pick
30 -  30 0 ,0 9
Dense Very high . e s is ta n c e  
to penetration of  
sharp end of  
geo log ica l  pick -  
requires many blows of  
pick for excavation
30 -  SO 0 ,1 9
Very dense High res is tan ce  to  
repeated blows of  
geologica l  pick -  
requires power tools  
for excavation
0 ,41
* Standard Penetrom eter  Test.
TABLE A1.2












Very so ft Pick head can easily  
be pushed into the 
sh aft  o f  handle.  
Easily moulded by 
fingers
0 — 80 0 , 0 2
Soft Easily penetrated  by 
thumb; sharp end of 
pick can be pushed in 
30m m-40mm ; moulded by  
fingers with som e  
pressure
80 -  140 0 , 0 4
Firm Indented by thumb with  
e ffo r t ;  sharp end of 
pick can be pushed in 
up to 10mm; very  
diff icult  to mould  
with fingers. Can 
just be p enetrated  
with an ordinary hand 
spade
140 -  210 0 , 0 9
Stif f Penetrated  by 
thumbnail; slight  
indentation produced  
by pushing pick point  
into soil; cannot be 
moulded by fingers.  
Requires hand pick for 
excavation
210 -  350 0 , 1 9
Very s t i f f Indented by thumbnail 
v. ith d iff icu lty;  
slight indentation  
produced by blow of  
pick point. Requires  
power tools for 
excavation
350 -  750 0 ,4 1
NOTE: A c o h e s i v e  m a t e r i a l  o f  which the v? ie shear strength is
larger than 750 kPa shall be taken a s  a ro c k ,  for  w hich  
the hardness can be obtained from Table A 1.3.
TABLE A1.3












Very so ft  
rock
Material crum bles  
under firm (m oderate)  
blows with  sharp end  
of geo log ica l  pick and 
can be peeled  o f f  with
1 ,7 0 ,8 7
a knife; it is too 
hard to cu t  a triaxial  
sample by hand
1 , 7 -  3 ,3 1,86
Soft rock Can just be scraped  
and peeled with a 
knife; identations 1mm 
to 3mm show in the  
specim en with firm
3 , 3 -  6 , 6 3 ,9 5
(moderate) blows of  
the pick point
6 , 6 -  13 ,2 8 ,3 9
Hard rock Cannot be scraped or 
peeled  with a knife;  
hand-held specim en  can  
be broken with hamm er  
end of  a geo logica l  
pick with a single  
firm (m oderate)  blow
1 3 , 2 -  2 6 ,4 1 7 ,70
Very hard 
rock
Hand-held specim en  
breaks with hammer end 
of  pick under more
2 6 , 4 -  53
!
3 5 ,0
than one blow 5 3 , 0 - 1 0 6 , - 7 0 ,0
Extrem ely  
hard rock
Specif, in  requires many  
blows with geo log ica l
1 0 6 , 0 - 2 1 2 , 0 \ 0
(very, very pick to break through




















j by hand. Matrix
































1 by hand. The mass has
a very high resistance
to penetration by
sharp end of
geological pick - '
| requires many blows to
j dislodge particles
Very dense Detritus very densely SO - 200 0.4ft
! packed and usually
1 cemented together.
The mass has a high
resistance to repeated
blows of geological





n OTE I. Determined dy plate Searing teat of diam eter 760mm
2. A d e tr itu s  of which the  in situ d efo rm atio n  m o d u lu s  
excee 's 200 MPa shall be taken as th e  low est boulder 
formation
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G ranuJir/cohe- Very loose/very soft 0.033 1*29 0,32 0,02
tive soil Loose/so It 0,069 1371 0,37 0,0*
Medium dense/lirm 0,14 1733 0,63 0,09
D ense/still 0,28 1878 0,61 0,19
Very dense/very s ti l l 0.93 2010 0,73 0,41
Very loose 0,033 1684 0,61 0,02
Loose 0,069 1816 0,66 0,03
D etritus Meoium dense 0,1* 1939 0,71 0,10
Dense 0,21 2071 0,73 0.21
Very dense 0,33 2173 0.79 0,**
Very soft tock (a) 1,1 2173 0,79 0,87
(b) 2,2 2316 0,8* 1,9
Soft rock (a) * ,» 2*30 0,89 *.0
(b) 8,8 2622 0,93 %.*
Herd rock 17,7 2733 1,00 17,7
Rock Very hard rock (a) 33,4 2733 1,00 33.0
(b) 70,7 27*3 1,00 70,0
Extremely hard rock (a) 141,3 2733 1.U0 1*0,0
(b) 282,6 273' 1,00 280,0
2 .  BLOCK SIZE NUMBER,  R Q D / J N
T h is  n um ber is  a function of  the rock quality  designation (RQD) and 
the number of  d if feren t  joint se ts ,  ]n .  RQD is con v en t io n a l ly  r e l a t e d  
to rock mass quality. It represents  the p ercen tage  of  the total length  
o f  NX core  which c o m p r i s e s  s e p a r a t e  l e n g t h s  o f  c o r e  100m m  and  
longer. Following from this defin ition  RQD can be said to provide a 
m easure of  the number o f  j o in t s  p er u n it  v o lu m e  o f  t h e  m a t e r i a l .  
Barton e t  ai (1974) has shown that RQD is em pirica lly  related  to the  
number of  joints per cub ic  m etre ,  3C, by the following expression:
RQD = 115 -  3,3 Jc
The formula allows for an equivalent RQD to be determ ined  for soils .  
The a b f ' e  expression is g iven in ta b u la r  fo rm  in T a b le  A 1 .6 .  For  
j o in t e d  s o i l s  th e  a c t u a l  num ber o f  joints per cubic me+re should be 
cou n ted .  In the case  of  in tact  granular soils ,  gravels o, tritus the  
equivalent RQD should be taken as 5.
In cem en ted  m aterials the equ ivalent RQD is equal to 100.
F o r  j o i n t e d  r o c k  t h e  R Q D  m a y  be d e t e r m i n e d  e i t h e r  in th e  
conventional way from core  sam ples or from an a c t u a l  c o u n t  o f  th e  
to ta l  number of  joints per cubic m etre .  The minimum value for RQD  
in all cases  should not be less  than 5.
O n ly  jo in t s  w hich  a f f e c t  the excavat ion  process  should be taken into
accou n t .
The joint se t  number, On, is tabulated in Table A 1.7
4142 .
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33 3 18 55
32 10 17 60
30 13 13 65
29 20 14 70
27 25 12 73
26 30 11 80
24 33 9 83
23 40 8 90
21 45 6 95
20 50 3 100
TABLE A1.7 
JOI NT SET NUMBER (Jn )
NUMBER OF JOINT SETS JOINT SET 
NUMBER (Jn)
Intact,  no or few  jo int /f issures 1 ,0 0
One jo int /f issure set 1 ,2 2
One joint/'fissure se t  plus random 1 ,5 0
Two jo in ts /f issure  set 1 ,8 3
Two jo in ts /f issure  se t  plus random 2 ,2 4
Three jo ints/f issure set 2 ,7 3
Three jo ints/f issure set  plus random 3 ,3 4
Four jo ints/f issure set 4 ,0 9
M ultiple jo ints/f issure se t 5 ,0 0
NOTE: For in tact  granular m aterials  take Jn * 5,00
3. RELATIVE GROUND STRUCTURE NUMBER
The re la t ive  orientation o f  the ground structure and the spacing of the  
s t r u c t u r a l  features a f f e c t  the e f fo r t  required to p en etrate  the ground 
as well as the e f fo rt  re q u ir ed  to  d i s lo d g e  in d iv id u a l  b lo c k s .  It is  
eas ier  to rip the ground in the d irection  in which the jo ints dip than 
in the opposite  d irection.
T h e  k i n e m a t i c  poss i b i l i ty  of  p e n e t r a t i o n  along a  s t r u c t u r a l  f e a t u r e  is 
d i r e c t l y  r e l a t e d  to  the g r a d i e n t  of  th e  f e a t u r e .  Since m o r e  than  one 
s e t  o f  j o i n t s  m a y  divide th e  ground,  the  overa l l  k i n e m a t i c  possibi l i ty  
o f  p e n e t r a t i o n  m a y  be  t a k e n  as  t h e  a v e r a g e  o f  t h e  r e s p e c t i v e  
g r a d i e n t s  w e i g h t e d  by t h e  n u m b e r  o f  f e a t u r e s  pe r  un i t  length .  In
practica l  situations thr blocks or slabs into which the ground is dividea  
may be considered to be d em arcated  by two se ts  o f  jo ints.  Let ■© and 
Ip denote  the r e s p e c t iv e  g r a d ie n t s  o f  th e  tw o  s e t s  r e l a t i v e  to  th e  
direction  of ripping and S g  and S y  the resp ec t iv e  spacings as shown in 
Figure A l . l .  The k inem atic  possibility  of p enetration , Kp , may then  
be expressed  as follows;
Kp = S y  tan ft ♦ Sa tanjw 
a(5y * S@)
The d ifferen ce  (1 -  Kp) represents  the e f fo r t  required to rip the  
ground with regard to the possibility  of gaining p enetration . It fo llows  
that;
JPS = 1 -  Sy  tan ■& ■>■ So tan Ip
a(Sy + Sq)
C o n s id e r  n e x t  the e f fo r t ,  3dd required to rip the ground with regaid  
to  the possibility  of  dislodging individual b locks o n c e  p e n e t r a t io n  has  
been gained. Undisturbed blocks of  m aterial are free  to be displaced  
in a d irection perpendicular to  th e  ground  s u r f a c e .  This p r in c ip a l  
d e g r e e  o f  f r e e d o m  ca n  be r e s o lv e d  into com ponents  parallel to the  
s id es  of the block as shown in Figure A l . l (b ) .  The d is lod g in g  a c t io n  
can  be represented by a unit horizontal force  behind the block.
Tiie re sp ec t ive  products of  the coaxia l com p onents  o f  th is  f o r c e  and  
t h e  d e g r e e s  o f  f r e e d o m  p a r a l l e l  to  th e  s id e s  of  the block may be 
defined  as the kinem atic possibility  of  d is lo d g e m e n t ,  Ky. It w i l l  be  
noted  from Figure A l . l (b )  that only one of  these  products is non-zero,  
th e  other one comprising com ponents of  force  and freedom  in opposite  
d irections.  Thus
Kd Cos )  sin & 
b sin2 (y  -  6)
T h e d i f f e r e n c e  (1 -  K<j) represen ts  the param eter It therefore
fo llow s that
1 4 5 .
1 - cos $  sin 4  
b sin2(y -  ■&)
T h e e x p r e s s io n s  for  3P$ and J^s m a y  be c o m b in e d  a s  a p r o d u c t  
representing the e f f e c t  o f  the re lative  block shape and or ien tat ion  on 
the e f fo r t  required to rip. The resulting param eter may be d..-fined as 
t h e  r e l a t i v e  ground structure number, 3S = ] P ,  x 3d s . The relative  
block shape is defined by the ratio r = s sq. Thus
1 -  r tan ■fr + tanty 
a(r + 1)
1 - cos  4- sin 6
b sin2 (t|- -  6)
For p r a c t i c a l  purposes the dip angle, DA, and the  dip d irect ion , DD, 
of  the joints are used rather than the gradients 0 and d efined  above. 
In t h i s  n o ta t io n  DA lies b etw een  C° and 90° and DD is e i th er  0° or 
180° re la t ive  to the d irection  of  ripping. The va lues of Js for these  
ranges of  DA and DD are given in Table A1.8 for a range o f  values  
of  r from 1 to 1/8. It should be observed  that the DA and DD given  
in T a b le  A 1.8  r e f e r  in a l l  c a s e s  to  th e  c l o s e r  spaced joint se t  as 
i l lustrated  in F igure A l . l .  B eyond  a r a t io  o f  r = 1 /8 ,  J s c a n  be 
sh ow n  n o t  to ch a n g e  s ign if icantly .  The values for Js in Table AI.8 ,  
c lo se  to DA's of  C° and 9 0 °  h a v e  b e e n  d e t e r m in e d  by a p p r o p r ia te  
i n t e r p r e t a t i o n .  This table is further based on values for con stan ts  a 
and b of  3 and 1 resp ec t iv e ly .  These have been b a sed  on e m p ir i c a l  
a sse ssm en ts  of  the e f f e c t s  o f  the direction of  ripping on the e f f ic i e n c y  
of  ripping.
The figures in Table A 1.8 are based on the assumption that the joint  
se ts  are orthogonal. Problem s o f  in t e r p r e t a t i o n  in th o s e  i n s t a n c e s  
where the joint se ts  are not orthogonal are avoided by referring only 
to the DA and DD of  the c loser  spaced joint s e t .  The a p p r o a c h  o f  
adopting the orthogonal case  as the norm is assumed for the sake of 
s im p lic ity  but mainly because the jointing may be taken to be a t  right 
a n g le s  w ith o u t  s i g n i f i c a n t  error  in th e  la r g e  majority of  practical  
situations.
1 4 6 .
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FIGURE A 1 . 1
PRINCIPLE DEGREE OF FR EEDOM AND DISLODGING F OR CE  
RELATIVE TO BLOCK DELINEATED BY EFFECTIVE JOINTS
TABLE A1.8
R ELATIVE G ROU ND S T R U C T U R E  NUMBER (]<)
DIP 
DIRECTION1 










RATIO OF JOINT SPACING, r
1:1 1:2 1:4 1:8
1 8 0 /0 90 1 ,0 0 1 ,0 0 1 ,00 1 ,0 0
0 85 0 ,7 2 0 ,6 7 0 ,6 2 0 ,5 6
0 SO 0 ,6 3 0 , 5 7 0 ,5 0 0 ,4 5
0 70 0 ,5 2 0 ,4 5 0 ,4 1 0 ,3 8
0 60 0 , 4 9 0 ,4 4 0 ,4 1 0 ,3 7
0 50 0 ,4 9 0 ,4 6 0 ,4 3 0 ,4 0
0 40 0 ,5 3 0 , 4 9 0 ,4 6 0 ,4 4
0 30 0 ,6 3 0 ,5 9 0 ,5 5 0 ,5 3
0 20 0 ,8 4 0 , 7 7 0 ,7 1 0 ,6 8
0 10 1 ,2 2 1 ,1 0 0 ,9 9 0 ,9 3
0 3 1 ,3 3 1 ,2 0 1 ,0 9 1 ,03
0 /1 8 0 0 1 ,0 0 1 ,0 0 1 ,00 1 ,00
/1 8 0 3 0 ,7 2 0 ,8 1 0 ,8 6 0 ,9 0
/ISO 10 0 ,6 3 0 ,7 0 0 ,7 6 0,81
/ISO 20 0 ,5 2 0 , 5 7 0 ,6 3 0 ,6 7
/ISO 30 0 ,4 9 0 ,5 3 0 ,5 7 0 ,5 9
/ISO 40 0 ,4 9 0 ,5 2 0 ,5 4 0 ,5 6
/ISO 50 0 ,5 3 0 ,5 6 0 ,5 8 0 ,6 0
/ISO 60 0 ,6 3 0 ,6 7 0 ,7 1 0 ,7 3
/ISO 70 0 ,8 4 0 ,9 1 0 ,9 7 1,01
/ISO 80 1 ,2 2 1 ,3 2 1 ,4 0 1 ,46
/ISO 85 1,33 1 ,3 9 1 ,4 5 1 ,50
/ISO 90 1 ,0 0 1 ,0 0 1 ,0 0 1 ,00
NOTES:
1. Dip d irection of  closer  spaced joint set  re la t ive  to direction of 
rip.
2. A p p a re n t  d ip  angle of  c loser  spaced joint se t  in ver t ica l  plane
containing d irection  of  ripping.
3. For intact m aterial take Js = 1,0
4. For values o f  r less than 0 ,125 take 3$ as for r = 0,125
4 . JOI NT STRENGTH NUMBER,  3r / 3 , :
The p a r a m e t e r s  Jr and 3a represent the roughness and the degree of  
a l t e r a t ’-ifl o f  the joint wails or filling m aterials .  S ince i t  w as  fou n d  
by f lr r to n  e t  al (1 9 7 4 )  th a t  th e  f u n c t io n  a r c t a n  ( 3 r / J a ) is  a fair  
approximation to the actual shear strength that m ight be ex p ec ted  o f  
v a r io u s  c o m b in a t io n s  o f  w a i l  rou gh n ess  and a lteration  products, the  
actu.il values for these  param eters have been t a k e n  o v e r  by K ir s t e n  
(1 9 8 2 )  w i t h o u t  c h a n g e  from  B a rto n  ( 1 9 7 4 )  for  th e  p urpose  of the  
c la ss if ic a t io n  system  proposed herein.
The joint roughness number is tabulated for various joint conditions in 
Table A 1.9
TABLE A1.9  
JOINT ROUGHNESS NUMBER 3r
JOINT
SEPARATION
CONDITION OF JOINT JOINT ROUGHNESS  
NUMBER 
(Jr)
Join ts /f issures Discontinuous
tight or joint/f issures 4 ,0
closing  during Rough or irregular,
excavat ion undulating 3 ,0
Smooth undulating 2 ,0





Slickensided planar 0 , 3
Join ts /f issures Join ts /f issures  either 1 ,0
open and remain open or containing
open during rela t ive ly  so ft  gouge of
excavation su ff ic ien t  thickness to 
prevent jo in t/f issure  
wall co n ta c t  upon 
excavation  
shattered  or
m icro-shattered  c lays 1 ,0
NOTE: For intact  granular m aterial take Jr = 3,0
1 4 9 .
The joint a lteration  number is tabulated for various ty p es  of gouge and 
am ounts of  joint separation in Table ALIO (Kirsten 1982). The values  
for param eter 3a are identical to those ‘hat Barton ( 1 9 7 4 )  p r o p o se d ,  
although 'aid out in a d ifferen t  format. The aster isk ed  values in the 
table have been added for com p leten ess ,  i t  is possible that agreem en t  
rray not be reached on construction  in resp ec t  o f  the particular values  
for Jr and 3a . Mo rigorous t e s t  can be proposed for th e  determ ination  
o f  t h e s e  p a r a m e t e r s  on their own. As a last resort in the t v e n t  of  
u ncertainty  or a lack of  agreem en t  b c tw e ec n  con tractin g  parties it  can  
be s u g g e s t e d  th a t  the joint strength number be determ ined  from the 
expression .
3r/3 a = arc tan (Tp/df,), 
representing the total friction angle.
For f issures in soils the various categories  o f  joint separation can only 
be considered if the gouge is so fter  than the parent m aterial .  If the 
gouge is o f  the sam e con s is ten cy  as the joint wall m ateria l ,  or if  the 
fissure approaches zero separation, the jo int  a lteration  n um b ers  for  a 
separation larger than 5,0 mm only should be considered .
If several joint se ts  o f  d if feren t  stren^ihs are  present in the m aterial  
t h e  v a l u e s  o f  ( J r / J a ) sh ou ld  be d e t e r m in e d  for  e a c h  s e t .  The  
equivalent joint strength for the  mass m ay then be determ ined as the  
a v e r a g e  o f  the  d i f f e r e n t  values of (Jr/ J a ) w eighted  according to the 
number of  joints in each  set per cubic m etre .
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TABLE A 1.10 
JOINT ALTERATION NUMBER (Ja ) 
(KIRSTEN 1932)
JOINT ALTERATION NUMBER 
(3a) FOR JOINT 
SEPARATION 8mm)
DESCRIPTION OF GOUGE 1 , 0
(2)
1 , 0 - 5 , 0  V 3 , 0  (3)
Tightly healed, hard, non­
soften ing  im perm eable  
f illing 0 ,7 5
U naltered  joint w alls ,  
surface  staining only 1 ,0 - -
Slight'y altered, non-  
so ften in g ,  non-cohesive  
rock mineral or crushed  
rock filling 2 ,0 4 , 0 6 , 0
N on-softening, slightly  
c la y ey  non-cohesive filling 3 ,0 6 , 0 10 ,0
N on-softening  strongly  
over-consolidated  
c lay  mineral f i lling, with 
or w ithout crushed rock 3,0*'' 6 ,0 * 1 0 ,0 *
Softening or low friction  
clay  mineral coat in gs  and 
small quantities of  
sw elling clays 4 ,0 8 , 0 1 3 ,0
Soften ing  m oderately  
over-consolidated  c lay  
mineral filling, with or 
without crushed rock 4 ,0 * 8 ,0 * 1 3 ,0*
Shattered  or m icro­
shattered  (swelling) clay  
gouge, with or w ithout  
crushed rock 3 ,0 10 ,0 18 ,0
NOTE:
1. Joint  wal l s  e f f e c t i v e l y  in c o n t a c t
2. Jo i n t  wal l s  e r n e  into c o n t a c t  a f t e r  a p p r o x i ma t e l y
100mm s he a r
3. Jo i n t  wal l s do not  c o m e  into c o n t a c t  a t  al l  upon shear
4. Values a s t e r i s k e d  a dde d  to Bar t on ' s  d a t a
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APPENDIX 3
FRONT END LOADER SELECTION; 
NOMOGRAPHS
DETERMINATION OF R E Q U IR E D  BUCK E T P A Y L O A D  AND
BUCKET SIZE
METHOD
(i) E n ter  th e  req u ired  h ou r ly  production rate on S ca le  B 
(Figure A3.1)
(ii) Enter the number of c y c le s  per hour on Sca le  A.
(iii)  Draw a line through A and B to C. This i n t e r s e c t i o n  
point (C) shows the required payload per cy c le .
(iv) Enter the e s t im a ted  bucket fill factor on Scale  D.
(v) C onnect C through D to E for the required bucket size.
(vi)  Transfer the c y c le s  per hour (Scale A) and the required  
payload (Scale C) to Figure A3.2.
DETERM IN ATIO N OF P A Y L O A D  WEIGHT A N D  TONS PER
HOUR.
(i) Enter the m aterial density on Sca le  F (Figure A 3.2).
(ii) C o n n e c t  C t h r o u g h  S c a l e  F to  S c a l e  G .  T h e  
i n t e r s e c t i o n  o f  th is  l in e  on S c a le  G w i l l  g i v e  the  
payload weight per cy c le .
(iii)  C o m p a r e  t h e  B u c k e t  P a y l o a d  ( S c a le  G) w ith  the  
recom m ended op era t in g  lo a d s  for  d i f f e r e n t  f r o n t - e n d  
loader s izes .
(iv; To determ ine the hourly production rate (tons per hour),
draw a straight line from S ca le  G through S c a le  A to 
Scale I.
2 5 Sggo-g s  s
L_! &Li  L_J
•111
m m v B n v
FIGURE A3.1 
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P URPOSE OP THE STU5Y
l e t e r n i a e  t h e  p r o d u c t i v i t y  a n d  h a u l a g e  c o s t  f o r  t h e  VASCO 
E f E / 1 5 0 C ?  S o t  t o e  E u c p  C o a l  H a u l e r  on  h a u l a g e  p r o f i l e s  t y p i c a l  
o f  t h o s e  a t  t h e  P h o e n i x  P r o j e c t .
SUMMARY CP R E S U L T S
T h e  6 5 D / 1 5CCT c a n  c o v e  3 7 0  m e t r i c  t o n s  p e r  h o u r  c n  t h e  " J "  
p r o f i l e  a t  a  c o s t  o f  P C . 25 p e r  m e t r i c  t o n .  On t h e  " C "  p r o f i l e  
t h e  p r o d u c t i v i t y  w o u l d  b e  3 ^ 3  t ' h r .  a t  a  c o s t  o f  ? . 0 . 2 S / t .
166.
T h e  p r o d u c t i v i t y  a n d  h a u l a g e  c o s t  o f  t h e  rfASCO 8 5 2 / 1 5 C C T  
HAULPAX E o 1 1or .  D u c t  C o a l  H a u l e r  wa s  d e t e r m i n e d  b y  u s i n g  a c o n -  
p u t  e r  s i m u l a t i o n  c f  t h e  t h e o r e t i c a l  p e r f o r m a n c e  o f  t h e  t r u c k  
o n  t h e  t w o  h a u l a g e  p r o f i l e s . T h i s  r e p r e s e n t s  V A S C O ' s  b e s ;  
e s t i m a t e  o f  t h e  p r o d u c t i o n  c a p a b i l i t y  c f  t h e  t r u c k  b a s e d  u p o n  
t h e  o p e r a t i n g  c o n d i t i o n s  s p e c i f i e d  a n d  u p o n  t h e  p u b l i s h e d  
p e r f o r m a n c e  c h a r a c t e r i s t i c s  o f  t h e  p o w e r  t r a i n  c o m p o n e n t s .
I n  t h i s  s t u d y  t h e  t r u c k  wa s  a l l o w e d  t o  o p e r a t e  a t  i t s  ma x i mu m 
p e r f o r m a n c e  c a p a b i l i t y ,  e x c e p t  t h a t  t h e  s p e e d  wa s  l i m i t e d  on  
t h e  c u r v e s  a n d  w h e n  r e t u r n i n g  e m p t y  d o w n  t h e  6< r a m p  g r a d e s .
T h e  f o l l o w i n g  t a b l e  s u m m a r i s e s  t h e  p r o d u c t i o n  a n d  e s t i m a t e d  
h a u l a g e  c o s t  o n  t h e  t w o  p r o f i l e s  . C o m p l e t e  d e t a i l s  o f  t h e  
p e r f o r m a n c e  on  e a c h  s e g m e n t  o f  t h e  p r o f i l e s  a r e  s h o w n  i n  t h e  
" V e h i c l e  S i m u l a t i o n "  s e c t i o n .
T h e  o p e r a t i n g  c o s t s  a r e  s h o w n  i n  H a n d s  a n d  a r e  b a s e d  u p o n  
t y p i c a l  o p e r a t i o n  c f  t h e  8 5 3 / 1 5 0 CT  i n  U . S .  m i n e s . The  
r e p a i r  c o s t  n a s  b e e n  e s t i m a t e d  t o  r e p r e s e n t  t h a t  c o s t  w h i c h  
t h e  t y p i c a l  u s e r  s h o u l d  e x p e c t  d u r i n g  t h e  t h i r d  y e a r  o f  
o p e r a t i o n  o f  t h e  t r u c k  on  t h e s e  p r o f i l e s .
MODEL ODD/IDOCl MAUI.l'AK n I)
r 1101 mi
i i i A N f . M i s r . ; i n i !  
[ I II' TY o r  I GU I  
HA I f  D I A L  
L O A D I N G  U N I  I
nr  a  $ c n a  i u i N
CUM K T A - 2 3 0 0 - C  
At L1FION D P - 8 9 6 1  
9 3 ?  t >1 
COAL
16  M3 SH O VE L
POUEU 7 0 3  3  KU ( 1 0 5 0  H P )  T I D E S  
F I  MAI D E D U C T I O N  L'3 2 9  D O L L I N G  R ADI US
2 7  0 0 - 4 7 , U6PD.  E 3  
1 3 1 4  ME I E D S
)A I )  11 Ml 
tUL I I Ml
•DM AND DUMP T IME  
IU DM  T IME  
EH I I Ml
I I A I  CVC1I  I I Ml
I P S  p u t  5 0  O M I N  HD 
IM S P E P  I f. i  r  
UP,  PI H 5 0  O M I N  HP
l U P L V  O P E R A T I N G  COST  
OD HAUL UN 11 O NL Y)
I Ul  I A I  IV O 4 7 0  PER I I T E R  
PR I V F H I  I VI  MA I N T I  NANCE  
P E P A I D S  
i i m s  
UPEDATOP
TO LAI O P E R A T I N G  COST
4 000 
9  0 5 ?  
O 5 0 0  
4.  0 3 1  
O 7 5 0  
19  1 3 3
2  6 1 3  
1 4 1 7
3 / 0 .  3
R 41  3 3
2  6 2  
2 6 .  2 0  
17  4 0  
4 00 
R 91  71
4 0 0 0  
9  9 6 5  
O 5 0 0
5  4 5 2  
0  7 5 0
2 0  6 6 7
2  4 1 9
14 1 7
341 B
43 . 6 5
2. 6 2
2 7 7 5
17 7 5
4 0 0
9 5 . 77
ON
VI
D A I  IMG C l i ' U  /  ION
i i i c a i  r i m  n o  ti
I I IRE  WEA DnU I  I
HAUL U N I T
i n  < HOURS)
R 0  2 4 7 7  
2 5 5  
2 5 4 1
R 0  2 7 9 4  
2 5 9  
2 5 0 3
DV. ALL T I M I S  I N  M I N U T E S  AMU HUNDREDTHS  
ALL 1H.PH CAI CUE AT IONS ARE BASED UN 
P R O D U C T IO N  SHOWN I S  I N  M E T R I C  TONS
A I L  C A L C U L A T I O N S  ARE BASED ON A 5 0  0 0  M I N U T E  HOUR.  
7 0 0  WORKING HOURS PER 0  0  HOUR S H I F T  
L O A D I N G  U N I T  At WAYS W A I T S
/  s , /
163.
' c : : : T : c n s  a : : :  e a t a
M a t e r i a l : Co a l ,  v e i l  b l a s t e d
Ber . k d e n s i t y  -  1 . 6  t / n '  
L o o s e  d e n s i t y  -  1 . 2 3  t / a *
L o a d i n g :
P o w e r  s h o v e l
16 c ' b u c k e t  ( 2*  y d . ' )
0 . ?  b u c k e t  f i l l  f a c t o r  
C y c l e  t i m e  -  3 0  s e c o n d s / p a s s
P a s s e s
X
O ' t_ L e a d  T i c e
1 1 4 . 4 1 7 . 7 1 2 0 . 5
1 0 0 . 5 1 2 3 - 9 8 3 5
g 1 1 5 . 2 1 4 1 . 7 0 4 . 0
C o s t  E a t a :
A l l  c o s t s i n  S . A . 3 a n d
E x c h a n g e r a t e :  P 1 . 1 0 -  SUS 1 . 0 0
O p e r a t o r w a g e  -  R 4 . 0 0 / h r .
M e c h a n i c w a g e  -  R 9 . 0 0 / h r .
P . M.  p e r s o n n e l  wa g e  -  P. 8 '" 'O/hr.
F u e l  -  R 0 . 4 7 / L
E n g i n e  a n d  h y d r a u l i c  o i l  -  P. 1 . 0 5 / L 
G r e a s e  -  P. 1 . 3 5 / k g
T i r e s  -  2 7  x 4 9 ,  4 2  PR ( E - 4 )  -  R 5 8 " 4  e a c h
2 7  x 4 0 ,  36 PE ( E - 3 )  -  R 4 4 4 3  e a c h  ( e s t .  )
e d u c t i o n  D a t a :
7 o p e r a t i n g  h o u r s  p e r  6 h o u r  s h i f t
3 s h i f t s  p e r  d a y
6 d a y s  p e r  w e e k
52 w e e k s  p e r  y e a r
1 2  h o l i d a y s  p e r  y e a r
5 0  m i n u t e  e f f i c i e n c y  h o u r
A l t i t u d e  -  1 = 0 0  m e t r e s
l e m n e r a t u r e  -  2 y  "
-  PHOENIX PROJECT nAJL PROFILES
I  W A T  I  ON W A D E  R- R D I S T A N C E  S P E E D  L I M I T
<•;> ( r .STEP > HAUL RETURN
I G N A T I O N
0. 0 0 Z. CO AZC V 50 .  0 50 .  0
0.  0 0 2 .  0 0 9 0 .  0 20 .  0 2 0  0
6.  0 0 2  0 0 7 2 0  0 5 0  0 3 5  0
0 .  0 0 2 .  0 0 8 0 .  0 2 0  0 2 0  0
1. 0 0 2.  0 0 i ; c o  o 50 .  0 50 .  0
0 .  0 0 2  0 0 ISO.  0 5 0  0 50 .  0
6  CO 2 0 0 3 5  0 50 .  0 2 5  0
0  0 0 1. 0 0 4 0  0 2 0 .  0 2 0  0
TOTAL = 3 1 0 5  0  METER ( 3 . 1 1  K I L O M E T E R >
GRADE n R . i D I S T A N C E SPEED L I M I T
< %) C/.) ( M E T E R ) HAUL RET UR I1
0  0 0 2 0 0 4 2 0  C 50 .  C 50 .  0
0.  0 0 2.  0 0 SO v 2 0 .  0 2 0  0
6  0 0 2.  CO R2C.  C 50 .  0 3 5  0
6.  0 0 2 0 0 30 .  0 20 .  0 2 0  0
0 .  0 0 2  0 0 1 5 5 0  0 50 .  0 5 0  0
■0. 0 0 2.  0 0 5 0  0 26 .  0 2 6  0
0  0 0 2 0 0 1 3 0  0 50 .  0 5 0  0
6  0 0 2. 0 0 35  0 5 0  0 ' 3 5  0
0.  0 0 2  0 0 40  0 2 0 .  0 2 0  0
t o t a l  = 3 4 0 5  0  METER < 2. 41 K I L O M E T E R )
'■
S I M U L A T I O N  OF E A R T H M O V I N 3  E 3 U I F M E N T  O P E R A T I O N
FOR
J  C. I - PHOENI X 
HAUL NUMBER J
MODEL S 5 D / 1 5 0 C T  HAULPAK E . D
E N G I N E
T R A N S M I S S I O N
T I R E S
LOADED W E IG H T  
MATERI AL
l o a d i n g  u n i t
CUM h T A - 2 3 0 0 - C  
ALLI SON D P - B R a l  
27 .  0 0 - 4 9 ,  3 c F R .  E3  
















34.  4 0  
2 0 . 00
0  = 5 0  
0.  9 9 1








2 0 . 00  
10.  e 2  
2 0 . 00 
30.  4 5 
35 .  0 0  
18.  85
1. 2 3 1  
4.  9 4 4  
5 2 2 0
5 0 0 .  0 
1 2 2 0 . 0 
1 3 0 0  0
S 3 2 0  2 8 0 0 .  0 
3.  7 0 6  2 9 8 0 .  0




0 . 00  
HAUL TI ME
8.  9 9 0  3 0 9 4 .  7
9 052 3 1 0 5 .  1
9 . 0 5 2  MINUTES
TRANS VEL
GEAR KPH




6  t h
2 0 . 00  
35.  0 0
A9.  nA
0 . 160 
0  3 2 1
0 5 -3
40 .  0 
125 .  0 
3 0 5  0
t h
t  h
49 .  6 = 
2 0  0 0
2 3 0 5  
2.  4 0 2
174.3.  5 
I S C  5 1
t h 20 .  0 0 2.  c 4 2 1 2 8 5 .  0
t h
t h
35 .  CO 
2 0 .  0 0
3 = 3 7
3 PCS
2 5 “  2 7 
2 6 0 5  1
t h 2 0 .  0 0 4 1 AS 2 6  = 5 0
POWER “ 3 3 . 3  KU ( - 0 5 0  H P ) 
F I NAL REDUCTI ON 23 .  2 9  
ROLLING RADI US 
EMPTY WEIGHT
1 . 3 1 4  METER 
9 2 2 1 4 .  KG
RGl  RES
( P C T)
SEGMENT S=EED 
LENGTH L I M I T  
(M)
4 2 0 .  0  50.  0 0
0 .  0 0 2. 0 0 s o .  0 M O O O
6 .  0 0 2. 0 0 7 2 0 .  0 50.  0 0
0  0 0 2 0 0 SO. 0 2 :  00
1. 0 0 2. 0 0 1 5 0 0 .  0 50.  0 0
0.  0 0 2 0 0 1 8 0 .  0 50.  0 0
6. 0 0 2. 0 0 8 5 .  0 50 .  0 0
0.  0 0 1. 0 0 4 0 .  0 20.  0 0
GRADE
( P C T)
0.  0 0
POL RES 





4 0 .  0
SPEED
L I MI T
20.  0 0
- 6 .  0 0 2 0 0 5 5 .  0 25.  0 0
0.  0 0 2 0 0 I SO 0 50.  0 0
- 1 .  0 0 2 0 0 1 5 0 0 .  0 50.  0 0
0.  00 2 0 0 SO. C 2 0  CO
- 6 .  0 0 2  0 0 7 2 0 .  0 25  CO
0  0 0 2 CO SO. 0 2C CO




hAUL r : ME
TURN AND DUMP TIME 
RETURN TIME 
==CT - I M E  
TOTAL CYCLE TIME 
T R I P S  PER 5 0  0  MIN. HR 
AV3. S P E E D < 5 0  0  MIN HR) 
PAYLOAD PEP T R I P  
PROD PEP 5 0  0  MIN HR. 
FUEL PER 50 .  0  MIN. HR.
4 COO MINUTES 
P . 0 5 2  MINUTES 
0 5 0 0  MINUTES 
&. 8 3 1  MINUTES 
0 . 7 5 0  MINUTES 
I P . 1 3 3  MINUTES 
2 6 1 3  T R I P S  
16 2 2 S  KPH 
1 4 1  7  METRIC TONS 
3 7 0 .  3  METRIC TONS 
8 7 .  P A L I T E R S
ha._ nvm 172.
T I = E  CALCULATIONS
LOADED FRONT T I R E  LOAD RO. 7 5
LOADED DRIVE T I R E  l O a D  1 0 0 . 6 3
LOADED REAR T I R E  LOAD 1 1 3  3 4
AVERAGE FRONT T I R E  LOAD 17 .  9 4
AVERAGE DRIVE T I R E  LOAD : 5  6 3
AVERAGE REAR T I R E  LOAD 16.  41
FRONT T I R E  TKPH 2 5 4 . 8
DRIVE T I R E  TKPH 2 2 2 . 0
REAR T I R E  TKPH 2 2 3  0
ESTIMATED T IR E  L I F E  2 5 4 1 .
POT. OF 3 0  MPH RATING
PCT OF 2 0  MPH RATING







F U E -  AT R 0 4 7 0  PER L IT E R
PR EV ENTIVE MAINTENANCE LUBE
REP A IR
T I R E S
OPERATOR
TOTAL HOURLY OPERATING COSTS
R 4 1 .  3 2  
2  6 2  
2 6 .  2 5  
17.  4 5  
4 00  
R R 1 . 7 1
OPERATING COST PEP. METRIC TON R C. 2 4 7 6
MlAt FL
NOTES
ALL T I R E  LOAD RATINGS ARE BASED ON 7 0  P S I  INFLATION PRESSURE 
ALL T I R E  TKPH CALCULATIONS ARE BASED ON 7 . 0 0  WORKING HOURS 
PER 8 . 0  HOUR S H I F T




r C T .
OF 3 0  P1FH FATING 
OF 3 0  MPH RATING 






T I R E  CALCULATIONS
ED FRONT T I R E  LOAD 9 0 .  7E
'ED DRIVE T I R E  LOAD 1 0 0 . 6 3
ED FEAR T I R E  LOAD 1 1 3  3 4
AGE FRONT T I R E  LOAD 1 7 . 9 4
AGE DRIVE T I R E  LOAD 15 o 3
AGE REAR T I R E  LOAD 1 6 . 4 1
IT TIRE  TKPH 2 5 4  3
'■£ T IR E  TKPH 2 2 2  0
T I R E  TKPH 2 2 3  0
MATED T I R E  L I F E  2 5 4 1
COST CALCULATIONS
HOURLY OPERATING COSTS
FUEL AT R 0 . 4 7 0  PER L IT E R  R 4 1 . 3 3
PREVENTIVE MAINTENANCE, LUBE 2  6 2
RE P A IR  2 6 . 2 3
T I R E S  1 7 . 4 3
OF E: . ATCR 4  :
TOTAL HOURLY OPERATING COSTS R 9 1 . 7 1
OPERATING COST PER METRIC TON R 0 . 2 4 7 6
NOTES
ALL r i R E  LOAD RATINGS ARE BASED ON 7 0  P S I  INF LA TION  PRESSURE 
ALL T I R E  TKPH CALCULATIONS AR E  BASED ON 7 0 0  WORKING HOURS 
PER S . 0  HOUR S H I F T
M l A t T L 3 9 2 6 0  0.  0 4 S E  4 4 4 2 0 .  0 0
173.
= I r - j 'LATIOr .  0=  E A S T H n u v IN O  EQUIPMENT OPERATION
FOR
J .  C. I  -PH OE NIX  
HAUL NUHl-ER C
r  ::
MODEL 6 5 0 / 1 5 0 C T  hAUw=AK B. 0
ENGINE
T RA N SM IS SIO N




CUM A T A - 2 3 0 0 - C  
ALLISON D P - 3 9 6 1  
2 7 . C D - 4 9 , 3 6 P R , E 3  
2 3 4 = 1 4  KG 
COAL
16  M3 SHOVEL
POWER " S 3  3 KW < 1 0 5 0  HP) 
F IN A L  REDUCTION 2 3 . 2 9  
ROLLING = AD IUS  
EMPTY WEIGHT
1 3 1 4  METER 
9 3 2 1 4  KG







D I S T
METERS
GRADE
( P C T ;
0  0 0
5 t h 3 4  4 0 0 9 5 0 4 0 1 . 2
5 t h 2 0 .  0 0 0. 9 9 1 4 2 0 . 0
0. 0 0
5 t h 2 0 .  0 0 1. 2 31 SCO 0
6 0 0
l i t 10 .  6 2 6 0 7  a 1 4 2 0 . 0
6. 0 0
1 s t 10.  * 2 6. 5 2 6 1 5 0 0 . 0
0. 0 0
5 t h 4 3 .  12 9 0 3 6 3 0 2 1 . 6
5 t h 2 a .  0 0 C 1 35 3 0 5 0 . 1
0 0 0
5 t h
oo0IN 9 2 51 3 1 0 0 . 0
0 0 0
c t n 3 2 .  05 9 6 1 9 3 2 5 0 0
6. 0 0
2 n o I S  31 9. 8 1 4 3 3 a 5 . 0
0. 0 0
3 r d 19.  37 9. 9 0 7 3 3 9 5 . 6
3 r d 0.  0 0 9. 9 a 5 3 4 0 5 . 1
HAUL 'TIME 9 9 6 5 MINUTES
. RES SEGMENT SPEED
CT') LENGTH
<M)
L I M I T
: - 0 0 4 2 0 .  0 50 .  0 0
2 0 0 SC. 0 2 0 .  0 0
2 0 0 9 2 0 .  0 5 0  0 0
2, 0 0 8 0 .  0 2 0 .  0 0
2. 0 0 1 5 5 0 .  0 5 0 .  0 0
2 0 0 50 .  0 2 6 .  0 0





2. 0 0 8 5  0 50 .  0 0







3 r d 2 0 .  0 0 0 . 161
5 t h 3 5 .  0 0 0 . 3 2 2
s t h 4 6 .  05 c 5 32
c t h 2 c .  0 0 0 . 5 94
e t r 2 o .  0 0 0. 7 C
6 t h 4 9 .  3 5 5 = 0
s v h 2 0 .  0 0 r  50
:  T.i 2 0  0 0 2 = 2 0
D I S T
METER;
4 0  0
1 2 5 .  0
2 6 7 .  E 
3 0 5  0
3 5 . 0
1  -  »  c . 3
1 9 0 5 .  1
GRADE
< P C I )
0 00 
- 6 . 0 0
0 . 00








40 .  0
SPEED
L I M I T
2 0 .  0 0
2  0 0 £ 5 .  0 35 0 0
2  0 0 ISO.  0 50 0 0
2.  CO
Ooill 2 r . CO
2 0 0 = * 0 0
2* DC SO 0 2 0 0 0
V :
-V' ...
5 t h 2 5 .  0 0 4  A = 6 2 3 7 2 .  7
; t h 2 0 .  0 0 4 5 2 9 2 9 0  3 1
5 t h 2 0  0 0 4 7 6 9 2 9 5 5  0
6 t h 4 9 .  2 3 5. 2 0 0
6 t h 0  0 0 5. 4 5 2 2 4 0 5  1
RETURN TIME - 5 4 5 2
- a .  0 0
0 . 00  
0 . 00
0 0 iO 0 35 .  0 0
Z 0 0  SO 0 -ZO. 0 0
2 0 0  4 2 0 .  0  5 0  CO
LOAD TIME 4  0 0 0
HAUL TIME 9. 9 6 5
TURN AND DUMP TIME 0.  5 0 0
RETURN TIME 5.  4 5 2
SPO T TIME 0 . 7 5 0
TOTAL CYCLE TIME 2 0 . 6 6 7
T R I P S  PER 5 0 . 0  MIN. HR. 2 . 4 1 9
AvS SPEED ( 5 0 .  0  MIN HR) 1 6 . 4 7 5
PAYLOAD PER T R I P  1 4 1 .  7
PROD. PER 5 0  0  MIN. HR. 3 4 2 .  3











L I T E R S
■ • >
I  1
* •  r  .
174
T : = E  CALCULATIONS
LOADED FRONT “ IRE LOAD 
LOADED DRIV E “ IRE LOAD 
LOADED REAR TIRE LOAD 
AVERAGE FRONT “ IRE LOAD 
AVERAGE DRIVE T IR E  LOAD 
AVERAGE REAR TIRE LOAD 
FRONT T IR E  TKFH '
DRIVE T IR E  TKFH 
REAR T IR E  TKFH 
ESTIMATED TIRE L I CE
9 0 .  7 8  F I T .  OF 3 0  MFH RATING  
1 0 0  6 3  F I T  OF 3 0  M^H RATING  
1 1 3 . 3 4  P I T  Or 2 0  M F H  RATING  
1 7 . 9 4  METRIC TONS  
1 3 . 6 3  METRIC TONS 
1 6 . 4 1  METRIC TONS 
2 5 6 .  7  
2 2 5  4 
2 3 6  6
2 5 0 3 .  HOURS
COST CALCULATIONS
HOURLY OPERATING COSTS
FUEL AT R 0 .  4 7 0  PER LITER R 4 3 .  6 5
PRE VENTIVE MAINTENANCE, LUBE 2  b2
REPAIR 2 7  7 5
T I F E 5  17 .  7 5
OPERATOR a 0 0
TOTAL HOURLY OFERA- INC COSTS R 9 5  7 7
OPERATING COST PER METRIC TON P 0  2 7 » 3
NOTES
ALL T IR E  LOAD RATINGS ARE BASED ON 7 0  P S I  INFLATION PRESSURE  
ALL T IR E  TKPH CALCULATIONS ARE BASED ON 7  0 0  WORKING HOURS 
PER S . 0  HOUR S H I P -
' '  ' - -
n ^ _  NvrBER C 175.
T I R E  CALCULATIONS
LOADED FRONT " I R E  LOAD 
LOADED DRIVE “ IRE  LOAD 
LOADED REAR T : RE LOAD 
AVERAGE FRONT T I R E  LOAD 
AVERAGE DRIVE T I R E  LOAD 
AVERAGE REAR T I R E  LOAD 
FRONT T I R E  TKFH '
DRIVE T I R E  TRF k 
REAR T I R E  TKFH 
ESTIMATED T IR E  L I ^ E
9 0 .  7 8 P C I . OF 3 0  MF'H RATING
1 0 0 .  6 2 F I T . OF 3 0  MPH RATING
1 1 2 .  3 4 PCT. C F  2 0  MFH RATING
17.  9 4 METP 1C TONS
15.  6 3 NETS 1C TONS
16 .  41 METRIC TONS
2 5 8 .  7
2 2 5  4
d 3 6 .  6
2 5 0 3 . HOURS
COST CALCULATIONS
HOURLY OPERATING COSTS
FUEL AT P. 0.  4 7 0  PER L IT E R  
PRE VEN TI VE MAINTENANCE, LUBE 
PER AIR 
T I F E S  
OPERATOR
TOTAL HOURLY C=ERA~ING COSTS 
OPERATING COST PER METRIC TON P. 0 . 2 7 9 2
R 4 3 .  6 5  
2.  6 2  
5 7 .  7 5  
17.  7 5  
4.  0 0  
R 9 5  7 7
NOTES
ALL T I R E  LOAD RATINGS ARE BASED ON 7 0  R S I  INF LATION PRESSURE 
' L L  T I R E  TKPH CALCULATIONS ARE BASED ON 7 . 0 0  WORKING HOURS 
PER 8 . C HOUR S H I F “
APPENDIX 5





To il lu s tr a te  the im portance o f evaluatin g  a lter n a tiv e  mining m ethods 
and equipm ent, a typical op en cast operation  w ill be an alized , con sistin g  
o f a single coa l seam  of 4 m etres, overlaid  by 30 m etres o f  sandstone  
o v er b u rd en . T he b a s ic  a s su m p tio n s  and p a r a m e te r s  u se d  in th e  
eva lu ation  are as follows:
(a) All overburden m ateria l was assum ed to  have a sw ell o f  130% 
for con stru ction  o f  dragline range d iagram s and to  d e te r m in e  
b u c k e t  loads. Where re feren ce  is m ade to overburden depths, 
it  is assum ed that top soil has been rem oved by o ther m ethods. 
No a llow an ce was m ade for dragline spoil stab ility  as it re la tes  
to spoil height.
(b) This ca lcu la tion  assum es a pit o f  su ff ic ie n t  length to elim in ate
any operating con stra in ts. The p it w idth was assum ed to be 40 
m e tr e s  in a ll e x a m p le s .  H ig h w a ll s lo p e s  o f 7 0 °  w ere used 
along w ith  spoil slop es o f  38°.
(c) W orking S c h ed u le :  The equipm ent used in these com parisons
w as sc h e d u le d  b a sed  on  7 4 1 6  h o u r s  p e r  y e a r ,  w h ic h  is  
e q u iv a le n t  to  309 w ork in g  d a y s  a t  24  hours p er day. For 
dragline operations a to ta l o f  8400 scheduled  hours per year is 
u s e d , a s  e x e m p t io n s  w e r e  g r a n te d  by th e  o f f i c e  o f  th e  
G overnm ent Mining Engineer to op erate th ese  units on a 7 day 
p er w ee k  b a s is . O p e r a tin g  e f f ic i e n c ie s  o f 85% for dragline  
excavators and 7 0 *  for shovels, hydraulic excavators and front 
end loaders were used.
(d) For draglines an availab ility  o f 85% was used and for all other
equipm ent a factor o f  80% was assum ed.
(e) The e c o n o m ic  c o m p a r iso n  is  b a sed  on th e  p resen t value o f
operating co sts  and original in vestm en t, in f la t io n  o f  10% and  
esca la tion  a t 10% per annum, and a 20 year in vestm en t period.
In a ll in stan ces, it was assum ed that the equipm ent could  be e r e c te d  
in two years. Forty p ercen t o f  the in vestm en t was arbitrarily assigned  
to the first year and 60 p ercen t to the second. The econ om ic rating  
illu stration  com pares the m ost desirable a ltern a tive , expressed  as 100, 
w ith the other a ltern a tiv es.
O perating co s ts  include labour and e le c tr ic  power. No d ifferen tia tio n  
was m ade for the various c la sse s  o f lab our b e c a u s e  it  w as f e l t  the 
accuracy  would not m ateria lly  e f f e c t  the results.
An a llow an ce of R5 000 per h ectare  co v ers those ca ses  where dragline 
spoil p iles are crea ted  and m ust be lev e lled . This is not in tended to  
b e the to ta l reclam ation  c o s t ,  but only the c o s t  o f levellin g  the peaks 
to  a g en tle  roll. Where spoil dumping is carried  ou t by trucks, a co st  
of R2 500 per h ectare  was used.
This analysis covers th e fo llow ing mining m ethods:
D raglines
Shovels and Trucks
Hydraulic E xcavators and Trucks
fo r  th e  fo llo w in g  annual production rates: 5; 10 and 15 m illion cubic  
m etres o f  overburden per year.
1. D ragline S e lection
T h e  f i r s t  s te p  in s e le c t in g  a s u ita b le  d r a g lin e  s i z e  is to  
d eterm in e the required dragline reach .
By using equation  5.1 (page 6 2 )  the reach factor is g iven  as:
<79
W!,ere D = Overburden depth
S = Spoil P ile  S w ell factor
= Spoil P ile Slope w ith the horizontal
(degrees)
W = P it width
p  = Highwall slop e with the h orizonta l (degrees)
T = C oal th ickness
By substituting the g iven  p aram eters in to  this equation, then:
Reach factor = 30(1  ,3 0 ) + 40 + 30 -
Tan 38 4 Tan 70 Tan 38
= 63,7 m etres
The n ext im portant factor to  ca lcu la te  is th e  stacking height.
From equation 5.2 the stack ing height is g iven  as:
= R F -  D C o ta  -  T -  D 
C ot e  1
= 65,7 - 40 C ot 70 - 4 - 3 0
Cot  38
= 6 m etres
T o  d e t e r m in e  t h e  b u c k e t  c a p a c ity ,  e q u a tio n  5 .3  is  u sed . 
T herefore, to handle 5,0 m illion cu b ic m etres o f  overburden per 
annum, the bucket cap acity  m ust be a.i fo llow s:
180.
B u ck et ca p a c ity  = V x C x (1 + S)--------------------------( 5 .3 )
O x A x U X B
= 5 x 106 x 60 x 1.30
(8400 x 60 x 60) x 0 ,8 5  x 0 ,85  x 0 ,90
* 19,Sm^
To a llo w  for  10% rehandling of spoil due to  ramps and o ther  
u n p lan n ed  a c t i v i t i e s ,  th e  req u ired  b u c k e t  c a p a c i t y  m u s t  
th erefore be increased  to 19,8 x 1,10 = 21,78 n A
The maximum required suspended load equals 21,78 x 2272 kg.
= 4 9  4 8 4  kg
These p aram eters are w ithin  the design  lim its  o f  th e  B u cy ru s  
Erie 1260-W m odel 15 dragline as deta iled  in Table 5.3
By applying th e  sam e ca lcu la tion s as above, the fo llow ing s iz e  
d r a g lin e  w ill be required to strip 10 m illion cubic m etres per 
annum.
R each  Factor = 65,7 m etres
B ucket C apacity  = 43,6
Maximum Suspended Load = 99059 kg
Model : Bucyrus Erie 1370W.
S im ila r ly  th e  fcllowing p aram eters w ill apply for the required  
dragline to strip  15 m illion cub ic m etre? per annum.
R each Factor = 65.7m
Bucket C apacity  = 65m 3
Maximum Suspended L .ad = 1477\ kg
Model : Bucyrus Erie 1570W
From a d eta iled  study by the author (Fourie, 1983) the cap ita l 
and hourly operating c o s ts  for these draglines are as fo llow s:
TABLE Af:. l  
DRAGLINE CAPITAL AND OPERATING COSTS
r~
DRAGLINE CAPITAL COST HOURLY OPERATING
COST
BE 1260 W R 10 500 000 R 120
BE 1370 W R22 031 000 R200
BE 1370 W R 26 36 1 000 R280
Annual r e h a b il i ta t io n  c o s t s  a t  R 5 000  p er  h e c ta r e  fo r  tn e  
various stripping rates are as fo llow s:
TABLE A 3.2  





3 x 106 R 83 000
10 x 106 R167 000
15 x 106 R250 000
The cash flow s for a p roject period o f  20 y e a r s  a t  d i f f e r e n t  
production rates are d eta iled  in Table A5.3
CASH FLOWS - DRAGLINES
YEAR 3,0 x 106 10,0 x 106 15,0 x 106
BC M/annum BCM /annum BCM /annum
1 4 200 000 8 812 000 10 344 400
2 6 930 000 14 540 900 17 398 260
3 1 432 121 2 234 870 3 148 4 :0
4 1 597 333 2 458 357 3 463 262
5 1 757 066 2 704 193 3 809 588
6 1 932 773 2 974 612 4 190 547
7 2 126 050 3 272 073 4 609 602
8 2 338 655 3 599 280 5 070  561
9 2 572 521 3 959 209 3 577 618
10 2 829 773 4 335 129 6 135 379
11 3 112 750 4 790 642- 6 748 918
12 3 424 025 5 269 707 7 423 810
13 3 766 428 5 796 677 8 166 191
14 4 143 071 6 376 345 8 982 810
13 4 557 378 7 013 979 9 881 091
16 5 013 116 7 715 377 10 869 200
17 5 514 427 8 486 915 11 936 120
18 6 063 870 9 333 607 13 131 731
19 6 672 457 10 269 167 14 466 903
20 7 339 702 11 296 084 13 913 595
NPV (2 29 181 000 30 248 000 66 339 000
10%
Shovel and Truck S e lec tio n
Shovel c y c le  tim e in m edium  digging conditions = 29 seconds.
Required hourly production rate to produce 3 m ill io n  BCM
per annum = 3 000 000
7416
i  674  BCM/hour
Dipper cap acity  required
= 674 x 1,30 x 29
60 x 60 x 0,80 x 0,70 x 0 ,9
* 14,0 nV
Maximum suspended load
= 14,0 x 2272 kg
= 31 808 kg
T h is is  e q u iv a le n t  to  a Bucyrus Erie m odel 193B rope shovel 
(See Table 3 J )  with a cap ita l c o s t  of R3,2 m illion.
T o ta l h o u r ly  truck  p r o d u c tio n  ra te  of 150 ton ca p a city  rear 
dum p tru ck  = 151 B C M /h ou r ' s e e  A p p e n d ix  4 f o r  tr u c k  
sim ulation).
.*. Number o f trucks required = 674 4- 131 = 5
Truck hourly operating c o s t  * R 126,59
. \  R e p la c e m e n t  p e r io d  for truck estim ated  at 5 years or 37 
000 hours. C apital c o s t  per truck « R900 000
Shovel operating c o s t  per hour R 50,00
1 2 4 .
To produce 10 m illion 3C M /annum  and 1J m illion B C M /annum  
t h e  s a m e  m in in g  f l e e t  a s  for  th e  5 m illio n  B C M /ann um  
operation  w ill be used and increased  proportionally .
The annual cash flow  for a shovel-truck  operation  is d eta iled  in 
Table A 5 .4 .
Hydraulic E xcavators and Trucks
As for the e le c tr ic  rope sh ovel, the hourly loading rate for the 
h y d r a u lic  e x c a v a to r  m u st b e  6 7 4  B C M /h ou r to  p r o d u c e  5 
m illion BCM per hour, and the dipper ca p a city  m ust be I4,0m ^. 
This is equ ivalent to the O dr K RH120 h y d r a u lic  e x c a v a t o r ,  
with a cap ita l c o s t  o f  R1 700 000 and an hourly operating co st  
of R 236,00 . The estim a ted  life  o f th is unit is 8 y e a r s .  The  
sam e tru ck  f l e e t s  a s  fo r  th e  s h o v e l/tr u c k  operation  will be  
used.
The ca sh  flow s for the d iffer en t production rates are d eta iled  
in Table A 5 J .
%
TABLE A J.4  
CASH FLOWS : SHOVEL AND TRUCK
YEAR 3,0 x 106 10,0 x 106
" ' ........
15,0 x 10$
B C M /^ BCM/^x, BCM/c*.
1 2 080 000 6 160 000 9 240 000
2 5 082 000 10 164 000 13 246 000
3 3 773 067 7 330 134 11 323 201
4 4 132 000 8 304 000 12 436 000
3 4 367 832 9 133 664 13 703 496
6 9 083 073 IS 166 130 27 249 225
7 5 327 076 11 034 132 16 581 228
8 6 079 784 i2  139 368 18 239 352
9 6 687 762 13 373 324 20 063 286
10 7 336 338 14 713 076 22 069 614
11 14 628 342 29 236 684 43 885 026
12 8 901 412 17 802 824 26 704 236
13 9 791 333 19 383 106 29 374 639
14 10 770 708 21 541 416 32 312 124
13 11 847 778 23 695 556 33 543 334
16 23 339 026 47 118 032 70 677 078
17 14 333 812 28 671 624 43 007 436
18 13 769 393 31 3 :8  790 47 308 183
19 17 346 332 34 692 664 52 038 996
20 19 080 966 38 161 932 37 242 898
n p v  <a 64 930 000 129 860 000 194 790 000
10%
186.
TABLE A S . }
CASH FLOWS: HYDRAULIC EXCAVATORS AND TRUCKS
YEAR 3,0 x 106 10,0 x 106 13,0 x 106
B C M /o . BC M /y. BCM /cv
1 2 480 000 4 960 000 7 440 000
2 4 092 000 8 184 000 12 276 000
3 3 864 036 7 728 073 11 392 109
* 4 230 440 8 300 881 12 731 322
3 4 673 484 9 330 968 14 026 433
6 9 201 492 18 402 983 77 604 4 /8
7 3 637 336 11 314 672 16 972 008
8 6 223 069 12 446 139 18 669 208
9 8 886 073 17 772 143 26 658 218
10 7 329 914 13 039 828 22 589 742
11 14 693 466 29 390 931 44 986 397
12 9 111 196 18 222 392 27 333 588
13 10 022 316 20 044 631 30 066 947
14 11 024 347 22 049 094 33 073 641
13 12 127 002 24 234 003 36 381 005
16 23 863 873 47 731 746 71 597 618
17 14 673 672 29 347 344 44 021 016
18 16 141 039 32 282 078 48 423 117
19 17 733 143 33 310 287 53 265 430
20 19 330 637 39 061 313 38 591 972
NPV 3 63 630 000 131 260 000 196 890 000
10%
APPENDIX 6 
ECONOMICS OF II n-PIT
PARTING SEPARATIOt
The c o a l seam s o f  the W itbank C o a lf ie ld  a r e  c h a r a c te r is e d  by th e  
p r e s e n c e  o f  v a r io u s  p a r t in g s ,  ran gin g  in th ic k n e s s  fro m  a fe w  
c e n tim etre s  to m ere than three m etres.
To o b ta in  m axim u m  r e s u lt s  and to  m in im iz e  o p e r a t in g  co sts  it  is 
th erefore  essen tia l to  d e te r m in e  th e  op tim u m  th ic k n e s s  o f  p a r t in g  
m a te r ia l  w h ich  can  be to lera ted  in the run-or-m ine feed  to the coa l 
w a sh in g  p la n t  b e fo r e  a f f e c t in g  e i th e r  t h e  m in in g  c o s t  or c o a l  
preparation p lant operating costs .
T h e fo llo w in g  typical cr o ss-sec tio n  o f the 4 seam  horizon is used for 
this calcu lation:
4 Upper coai seam  1,3m
P artin g ( t  m etres thick)
4 Lower co a l seam  2,3m
FIGURE A6.1 
No 4 SEAM
L et the thickness o f  the parting separating th e  4 -u p p er  and 4 - lo w e r  
seam s be 't‘ m etres thick.
T h e virst o p tio n  is to  m in e  th e  th r e e  la y e r s  a s in d iv id u a l mining 
horizons and the second option is to  include the parting in the run-of-  
m ine feed .
Option A
F rom  F ig u re  A 6.1 the to ta l in-situ  co a l th ickn ess equals 1,3 + 2,3 = 
4,0 m etres.
* * * * * * * * *
A ssum e a g eo log ica l loss o f  5% wnich w ill be included a s  dilution. 
. .  ROM co a l = l,ft23m  + 2,373m
= 3,30m
Assum e a mining loss o f  10cm a t each c o a l  c o n t a c t  s u r fa c e  d u e to  
mining a c tiv itie s .
T h e t o t a l  m in e a b le  c o a l  se a m  r e d u c e s  to  (1,423 -  0 ,20) + (2,373 -  
0,20)m  = 1,223 + 2,173m
= 3,40m
The tota l ROM product to the p lant is 1 ,2 2 5 m  ROM c o a l + 0 ,U 75m  
d ilu .ion  + 2,175m  ROM coa l + 0,125m  dilution
= 3,60m  to ta l o f  which
3,40 m etre is co a l.
At a re la tiv e  d en sity  o f  1,60 this is equal to  5 ,44 ROM tons o f  co a l.
T h e fo llo w in g  t y p ic a l  m in ing  c o s ts  a re  u sed  to  es tim a te  th e totn l 
operating costs.
Drill and blast 4U seam  = 1,3 x 0 ,35  = 0,53
Drill and b last 4L seam  (2,3 x 0,29) = 0 ,7 3
Drill and blast parting t x 0 ,54  = 0 ,54t
Loading to  plant = 3,60 x 0,13 x 1,65 = 0,77
Hauling to plant s 3,60 x 0 ,34  x 1,65 = 2,02
R ehandle o f  discard a t  plant = 0 ,20  x 0 ,12  x 2,5 = 0 ,06
Dozing o f  in-situ parting over a d istance o f  60m  to expose 4L Seam
= (0 ,20 + t) x 0,48
T otal c o s t  = (4,20 + l ,0 2 t)
1 9 0 .
O ption B
This a ltern ative  in vestiga tes tf e  to ta l co s t  per ROM ton assum ing that 
a ll the included parting w ill b e  hauled to  the c o a l preparation ,'lant.
From  Figure A6.1 
G eolog ica l in -situ  coa l
G eo log ica l losses
= l,J m  + 2,5 m 
= 4,0m
= 5%
.% ROM coal = 1,425 > 2,375m
= 3,80m
The to ta l number o f  mining co n ta cts  reduce to  tw o, and by assum ing a 
m ining loss of 10cm  at each c o n ta c t  the to ta l ROM
= ( 1 ,4 2 5 - 0 , 1 0 ) > ( 2 ,3 7 5 -0 ,1 0 )
= 3,60m
ROM product to  the p lant = 1,325m  co a l + 0,075m  dilution
♦ 2,275 co a l + 0,125m  dilution  
•i tm  parting  
= 3,60m  co a l +(0,20+t)m  parting
At a RO o f 1,60 the total c o a l in the p lant feed  is equal to 5 ,76 ton. 
The to ta l op erating cost for th b  operation is as fo llow s:
D rilling and b lasting
Loading to the p lant
Hauling to the plant
R ehandle a t  p lant
= (4,0 x t) x 0,21
= 0,84 * 0 ,2 1 1
= 0 ,13  [3 ,60  x 1,6 + (0 ,20+1) 2,5J
-  0,81 + 0 J 2 5 t
= 0 ,34  [(3,60 x 1,6)+(0,20 + t)2 ,5]  
= 2,13 + 0 ,8 5 t
= 0,12 (0 ,20 + t) 2,5
-  n.Ofi * 0 .30 t
Total operating c o s t  = 3 ,8 5  + 1 ,6 9 t  and th e  o p e r a t in g
c o s t  per ton is eq u ivalen t to (0 ,67  + 0 ,2 9 1) Rands (2 )
For a break-even  co s t, equation 1 must equal equation  2 
0,77 + 0 ,1 9 t  = 0,67 + 0 J 9 t
t________ = 1,0 m etres
T herefore, for a parting thickness o f  one m etre or m o re , it  is  m ore
econ om ic to strip the parting in the pit as a seperate mining horizon
rather than hauling it to  the washing p lant.
If the coa l preparation p lant c o s ts  or washing c o s ts  are included in the
ca lcu la tion s, the ca lcu la tion s can be m odified  a s  follow s:
A ssum e a rotary breaker operating c o s t  to be R 0 ,06 /ton  feed, a p lant 
washing c o s t  o f R 1 ,00 /ton  o f feed  and 50% o f  the parting m aterial are  
discarded by the rotary breaker.
Option A
Separate mining of c o a l and partings
T otal co st = (4,20 + l,0 2 t)  Rands
Add
R otary breaker co st (partings) = 0,5 x 0 ,20  x 2,5 x 1,00
Washing c o s t  o f  partings = 0,05 x 0 ,20  x 2,5 x 1,00
T ota l = 0 ,2 8
R evised  operating c o s t  for option A is (4,48 > l,0 2 t)  Rands
= (0,82 + 0 ,1 9 1) Rands per 
ROM ton ' (3 )
O ption B
Mining the coa l and parting as a single unit.
T otal c o s t  (from  equation  2) 
Add
Rotary breaker cost  
Washing o f  parting
= (3,85 + l,69t)R and s
= (0,20 + t) x 2,5 x 0,06  
= 0,50 x (0,20 + t) x 2 ,5  x 1,00
(0 ,28 + l.OCt)
(4,13 + 3 ,091' Sand?  
(0 ,72 + 0 ,3 4 1) Rand per 
ROM ton o f  coa l
Total
R evised  co st
For a break-even  c o s t  and solving for ' f  then 
(0,82 x 0 ,19 t) = (0,72 > 0 ^ 4 t)
t = 0 .29m

Author  Fourie G A  
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